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Cong nghe 

MA DIEN 

■ ■ 



NHA XU AT BAN KHOA HOC VA KY THUAT 



LOI NOI DAU 


Tai lieu ve cong nghe ma dien vdn dang la dieu khat 
khao doi vdi nhieu ngudi trong nganh a ca ITnh vUc true 
tiep sdn xuat hay nghien ctiu, thiet ke cho den cdc hoc 
sinh, sinh vien dang mong muon theo duoi nganh nghe 
nay. Cuon Cong nghe ma diin ra ddi nham dap ting 
phan nao nhu can do. 

De phuc vu rdtig rai moi doi tiicmg, CSng nghe ma 
dien da chon each trinh bay dm gidn, de hieu, pho cap 
giup ngifefi doc co the lam theo va dat dtfoc ket qua thoa 
dang. Truac mot vdn de ky thuat, sach se cung cap nhieu 
thong tin, nhieu phumg an khac nhau, trong do co cd 
nhtitig thong tin mefi nhdt, de ngudi dung co the chon lua, 
van dung cho phu hop vdi hodn canh va yeu cau rieng 
cua minh. Cong nghe ma dien cung dac biet chu y den 
nhting ky thuat hodn thien lop ma de tang do ben, tang 
tinh trang stic va thay doi mdu sac lam cho hinh thtic cdc 
Icq? ma them phong phu. 

Hy vong Cong nghe ma dien se co nhieu dieu htiu 
ich ddi vdi cdc ban trong cong viec sdn xuat, nghien ctiu, 
thiet keciing nhu hoc tap cua minh. 

Choc chan Cong nghe ma dien con nhieu dieu thieu 
sot, rat mong duoc nhieu doc gid gop y. 

Nha giao Ou tu , 
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Chvfcfng 1 

PHAN LOAI CAC l_6p MA 


Tuy thugc v4o chdc n4ng cua ldp ma ngubi ta chia chung thanh cac 
loai tdji ma bao ve, ldp ma trang siic va ldp ma dac biet. Tuy nhien vigc phan 
chia nay chi la tudng doi, bdi vi Idp ma trang sVitc nao ch4ng phai co kha nang 
bao ve, va Idp ma dac biet nao ma ch4ng kem theo yeu cau nhat dinh ve tinh 
bao ve va trang she . 

Man sac va hinh thiic la nhutng chi so quan trong cua mpt Idp ma. 

Mau she Idp ma phu thuoc vao ban chat kim loai ma, con mau she Idp 
oxyt phu thuoc vao ban chat Idp phu hay chat mau da nhupm no. 

Cac Idp ma co mau trang (hdi xam), sang la thiec, cadimi, bac, bach 

kim . 

Cac Idp ma co mau trhng (am), anh vang hay hong la ken, hdp kim 
ken - thiec. 

Ldp ma co mau trang (lanh), anh xanh la kem, crom. 

Ldp ma co mau hong va vang la dong, vang va cac hdp kim cua chung. 

Cac ldp phu mau den vdi moi she dp la ldp photphat, ldp oxyt tren thep, 
ldp ma ken den, crom den, dong den, kem den ,... 

Ldp nhom oxyt nhupm thhnh nhieu mau khac nhau (tuy loai thuoc 
nhupm). 

Hinh thiic ldp ma : bong, mi), nhdn, nham cung gop phan quan trong 
den tinh trang she cua ldp ma. Thay doi che dp ma cd the cho ldp ma crom c6 
hinh thde va ve dpp rat khac nhau : trang sQa, bdng xanh, md dye. Ldp mg 
kem, thiec , . .. cd the’ tao ra cac hoa van hinh tinh the kim logi kha dgp mat. 

Tuy theo cd che bao vp cua ldp ma doi vdi nen trong moi tracing an mon 
nao do ma nghdi ta phan bipt thhnh ldp ma anot va. ldp ma catot. Ldp ma anot 
co dipn the' am hdn kim loai nen, nen khi bi xam thpc thi ldp ma bi an mon con 
kim loai nen dupe bao vp, vi vay chieu d&y ldp ma quyet djnh thdi hgn phpc vp 
cua no (chd khong phai dp lo). Ldp ma catot ngifdc lai cd dipn the dUdng hdn 
kim loai nen, khi bj xam thpc, kim loai nen bj an mon tai cac vi pin 14m cho ldp 
mg mat chin bam, bong ra, m4't kha n4ng bao ve, vi v4y do kin cua ldp mg se 
quyet dinh thdi han phpc vp cua no ( chd khong phai chi la chieu day). Moi 
trUdng phuc vu cung anh hddng den dien the nen se anh hadng den kha n4ng 
bao ve cue chung. Vi du, ldp ma thiec von 14 catot so vdi nen sat thep, nhhng 
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trong moi trifdng axit luin cd lai trcf thanh ldp ma anot so vdi thep nen ditoc 
dung de bao ve cac vo do hop. Hoac nhit cadimi trong nude bien hay khi hau 
bien cung trd thanh am hdn sat thep nen bao ve chung rat tot. 

Cac tinh chat cua ldp ma thitdng ditdc quan tam nhat la tinh cd ly, tinh 
vat ly, tinh hoa ly,... 

Tinh ccf ly dien hinh la do deo dai, bam chic, do chiu mai mon. Vat 
phai lam viec chiu ap suat cao, chiu va dap cue bo, hoac co sat nhieu can phai 
co do edng be mat cao, he so' ma sat nho. boi trdn tot, kho mai mon,... Ldp ma 
crom dap itng ditdc cac yen cdu do. VI du , vong g&ng trong cac dong cd dot 
trong lam bdng gang, thep, gom,... thitdng ditdc ma crom xop day 70 - 100 pm. 
De tang do chng be mat, do chiu mai mon cung co the ma crom ettng, ma ken, 
ma ken composit, ma Ni-P hoa hoc, anot hoa nhom tao ldp oxyt day be mht , 
ma sat xop,... Tang do cilng cho ldp ma vang, bac thitdng cho them cac nguyen 
to hdp kim Sb, Ni,...Co the tao ra cac ldp ma dai, chhi mai mon rat tot , thay 
the ditdc cho hdp kim Ioai baebit dat quy dung lam cac 6 true, bac tritdt ,... 
nhif la cac hdp kim cua thiec, cua chi,... 

Tinh vat ly ciia ldp ma la do chiu nhiet, do din va each dien, dp phan 
quang,... De tang tinh chiu nhiet, ben an mon cho cac vat bdng thep lam vipc 
den 1000 "C phai ma crom, den 600 - 700 "C thi ma crom hoac ken, hay ma ken 
composit,... 

Kv thuat dien, dien tit, hang khong phat trien doi hoi rat nhieu vat tit 
can ma de tang do dan dien, de each dien, de tang tit tinh,... Tang do dan dien 
thitdng phai ma dong, ma bac; co trifdng hdp phai ma vang, ma paladi, ma 
rodi. Cac phan tit, linh kien phat nhipt can ma hdp kim Cr-Fe, Cr-Ni. Cac 
ldp ma cd tit tinh mem nhit hdp kim Fe-Ni, ... co tit tinh citng nhif Co-Ni, Co- 
P.... 

Nang cao do phan quang cho cac vat phan xa, gitdng,... ngitdi ta dung 
ma crom, ma bac. Nhieu dung cu quang hoc lai can hap phu anh sang, khi do 
phai ma crom den, ken den,... 

Tinh chat hoa ly dang litu y cua mot so ldp ma la tinh hap phu cua 
chung. Vi du,, cac ldp oxyt, ldp photphat, ldp ma crom xop, sdt xop,... cd kha 
ning hap phu va chda dau, chat mau, chat dpn, ... 

Do day ldp ma la mot chi tieu kinh te - ky thuat quan trong. Cd nhitng ldp ma 
chi can day mot vai micromet; nhitng cd loai lai can hang chuc micromet nhit 
tritdng hdp ma bao ve trang site; con m?. phpc hoi kich thifdc, mgi due,... can 
den hang trim micromet. Cac quoc gia, cac hang ldn, ... deu cd tieu chuan quy 
djnh ve chieu day cac loai ldp ma cho nhitng trifdng hdp van hanh cu the cua 
chung. Viet Nam co tieu chuarr nha nude ve cac ldp mg. bao ve trang site 
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Bang 1.1. Chieu day cac he rna bdo ve trang site tren nen thep 
theo quy dinh ciia ISO 


Dieu kien lam viec cua I6p ma 

He ma NtCr 

He ma Cu.Ni.Cr 

4 

(3n mon rat manh -RM) 

Fe/Ni40dCrr 

Fe/ Ni30d Cr me 

Fe/ Ni30d Cr mp 

Fe/ Ni40p Cr r 

Fe/ Ni30p Cr me 

Fe/ Ni30p Cr mp 

Fe/Cu20NI30dCrr 

Fe/ Cu20 Ni25d Cr me 

Fe/Cu20 Ni25d Cr mp 

Fe/Cu20 Ni30p Cr r 

F el Cu20 NI25p Cr me 

Fe/ Cu20 Ni25p Cr mp 

F el Cu20 Ni30b Cr me 

Fe/ Cu20 Ni30b Cr mp 

3 

(Sn m6n manh 
va vifa -MvaV) 

Fe/Ni30dCrr 

Fe/Ni25dCrmc 

Fe/ Ni25d Cr mp 

Fe/ Ni30p Cr r 

Fe/ Ni25p Cr me 

Fe/Ni25p Cr mp 

Fe/ Ni40b Cr r 

Fe/ Ni30b Cr me 

Fe/Ni30b Cr mp 

Fe/Cu15Ni25dCr, 

Fe/Cu15 Ni20d Crmc 

Fe/Cu15 Ni20dCrmp 

Fe/Cu15 Ni25pCrr 

Fe/Cul 5 Ni20p Cr me 

Fe/ Cul5 Ni20p Cr mp 

Fe/Cu20 Ni35bCrr 

Fe/Cu20 Ni25b Crmc 

Fe/ Cu20 Ni25b Cr mp 

2 

(3n mon vCfa - V) 

Fe/ Ni20b Cr r 

Fe/Cu20 NilObCrr 

1 

(3n mon yeu - Y) 

Fe/NHOb Cr r 

Fe/ CulO Ni5b Cr r 

0 

(3n mon rat yeu - RY) 

Fe/Ni5bCrr 

Fe/Cu5 Ni5b Crr 


mang ma hieu TCVN 3832 - 1983. To chile tieu chuan qufic te (International 
Organisation of Standardisation - ISO ) cung quy djnh rat ro rang, day du, cu 
the cho trfng loai ma. Xin trich dan ra day vai tieu chu^n ve cac he ma bao v? 
trang sdc nhieu ldp thong dung nha't cua ISO (bang 1.1) . Cac ky hi£u dung 
trong tieu chuan ciia ISO nhu sail : 



















- Cac con so sau chef Cu hay Ni chi chieu day cua chung; 

- Ldp ma Ni co bon loai: b - mQt ldp Ni bong; d - hai hay ba ldp Ni (ldp Ni 
gida cua he ba ldp chiia hru huynh S cao nhat : litdng S > 0,15%); s - ldp Ni 
ban bong khong chda S (liidng S <0,005%); p - ldp Ni ban bong hay mb; 

- Ldp ma crom luon co chieu day 0,3 pm va chia lam ba loai : r - ldp crom binh 
thubng; me - ldp crom nett te vi; mp - ldp crom xop te vi; 

- Ldp Cr mp va Cr me bao ve tot hdn ldp Cr r; 

- Nhieu ldp Ni bao ve tot hetn mot ldp Ni co cung chieu day. 
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Chufdng 2 

GIA CONG CO HOC 
BE MAT KIM LOAI TRlfCJC KHI MA 

2.1. MAl VA DANH BONG 

Mai va danh bong nham loai bo het gi, oxyt, chat ban, ba via, khuyet 
tat,... va dat difdc do nhan, do bong theo yeu cau cho be mat kim load. 

Do nham la hieu so chieu cao giiia cac diem loi va diem lom tren be 
mat. NgUdi ta phan biet hai thong so" ve do nham : 

gid tr i trun g binh cac khoang each ke tii uUdng trung binh den 
cac diem loi va cac diem lom tren be mat. 

- Rj. : khoang each ttc diem loi den diem lom. 

Giiia do nham va chieu day ldp ma c 6 cac quy djnh sau : 

' °9 nham be mat phai nho hem 1/3 chieu ddy ldp ma bao ve. 

- De ma bao v| va ma dac biet, c£n R x < 40 pm; 

- De ma bao v£ trang stic , y£u cau R a 5 2.5 pm; 

- De tao mdng oxyt, yeu cau l? a < 1,25 pm. 

Kiem tra do nham be mat bang each so vdi miu chuan hodc bang each 
do do nham tren may profilometer (theo nguyen ly cd hoc hodc nguyen ly 
quang hoc). 

_ cbo be mat satch het gi, tap chat,...be m£t trd nen dong diu 

va nhan hdn. Sau khi mhi xong co the' dat R , = 25 - 160 pm, tuy cd cat mhi va 
each gia cong. 

Danh bong la lam cho be mat sau khi mai trd nen nhan them va bong 
sang len, nhd dung cat min hdn.Sau khi danh b6ng cd the dat den fl,=o,i pm. 

Mai va danh bong deu thile hi$n banjj each dung may mhi, may nda til 
dong, may til dong,... lam quay bank mai, (con goi la cai phdt, cai bong), hodc 
quay cac vong bang, tren mat co gan cac hat mdi va ty cac v£t edn gia cong 
vao de mai hodc danh bong. 

2.1.1. Hat mai 

Hat mai can phai cting, sac, co kha nang cat got cao. Nguon goc cua 
chung co the td : 
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- Thien nhien.nhu corun (Al 2 O s ), cacborundun (hdn hop cac oxyt cua Al, Fe, 
Si Ti,...), da Ida, thach anh, cat,... de mai va sit oxyt (co 75% Fe 2 0 3 ), trepel, 
dolomit (CaC0 3 .MgC0 3 ), da phan, vdi, cao lanh, bot talc,... de danh bong. Noi 
chung loai nay hiem, phaim chat khong deu, do cdng khong cao ldm. 

-Nhan tao nhu cacborun (SiC), cacbua bo , corun dien luyen,... dung de mai, 
khi mai chung se v3 cho canh sic mdi, nen ckt got rat tot. Bpt mai s&t oxyt, 
crom oxyt, nhom oxyt .... dung de danh bong, co dang tron nen cho do nhln 
cao, de bong. 

Bang 2.1. Nhom cd hat mai phan theo kick thiidc hat 


Nhom hat 

06 hat 

CO hat, pm 

Nhom hat 

t>6 hat 

Cd hat, pm 





12 

160-125 


200 

2500-2000 


10 

125-100 


160 

2000-1600 

Bot mai 

8 

100-80 


125 

1600-1250 


6 

80-63 


100 

1250-1000 


5 

63-50 

Hat mai 

80 

1000-800 


4 

50-40 


63 

800 630 





50 

630-500 


M40 

40-28 


40 

500-400 

B6t min 

M28 

28 -20 


32 

400-315 


M20 

20-14 


25 

315-250 


Ml 4 

14- 10 


20 

250-200 


M10 

10-7 


16 ' 

200-160 


M7 





_ 

M5 



Cd hat mai difoc chia thanh ba nhom nhu trong bang 2.1. 

Trong xudng ma thudng dung hai nhom cuoi (bot mai va bot mjn). Nhom 
dau (hat mai) thudng dung lam da mai. 


2.1.2, Chat ket dinh 

Chat ket dinh de gin v|t lieu mai len de mai (da, phdt, b6ng). 

Dd mai dung chat ket dinh d6ng rin nhu daft ch}u Ida, thuy tinh long, 
caosu, nh^a, fenspat,... trQn vdi hat mai corundun, cacbarun .... cd 250 - 
1200 pm: ep, due hay nung,... cho edng lai (de edng). Chi dung de mai rat tho, 
xudng ma it khi phai dung den loai nay. 

Phdt mai dung chat ket dinh chi dong ran d nhi^t dp thudng, cho nen 
khi mai khong nen de nong qua vi co the chay long ra. Do la cac chat : thuy 
tinh long, keo da, keo xudng, keo tong hop,... Chung dupe dun n6ng chay ra, 
boi len mat phdt roi gdn bot mai vao. Dung bpt mai corun, corundun, thach 
anh ,... cd tif 120 den 75 pm Ung vdi cac bude mai tho hay mai tinh. 
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Bong dung chat ket dinh la hon hcip cua axit oleic, axit stearic, parafin, 
sap ong, dau thong, dau hoa,... Chung dude pho'i ch§ theo mot ty le xac dinh 
(bang 2.2; 2.3), dun nong chay, trpn ky vdi bot min roi do khuon, khi nguoi 
dong thanh banh (paste), dung de boi len mit bong mdi khi can den. 

2.1.3. De banh maj 

De banh maj la cho de gAn hat hay bot mai. 

Boi vdi dd nidi, de dUdc hinh thanh bdi chmh chat ket dinh dong ran 
lai. Decang cdng thi hat mai cang kho rdi ra va ngUdc lai. Vi vay mai cac kim 
loai co do chug cao phai dung de it cdug de cac hat mai da cun man rdi ra, 
nhUdng cho cho cac hat mai mdi sAc ben d ditdi nen hieu qua mai tot hdn. Mai 
cac kim loai mem, hat mai se lau cun, nen phai dung de citng dl gift hat mai 
dvtdc lau hdn. 

Bang 2.2. Thuoc mdi tinh 





Kim loai can mai 

Thanh phan thuoc mai 

% trong luong 


Bot mai min 

0,60 


Parafin 

0,20 


M3 bo 

0,10 

Kim loai den 

Dau may 

0,10 

Bot thach anh 

0,80 



Parafin 

0,10 


M3 bo 

0,08 


Serezin 

0,02 

Dong, nh6m, kenvva hop kim cOa 

Bot mAi mm 

0,40 

chimg 

Stearin 

0,60 


Boi vdi phdt mai., de ditdc lam bAng cac vat lieu mem hdn nhit : da, 
phdt, vai bat, vai bong, vai moc,... chung dude cit thanh mieng tron, roi dan, 
ep. khau 16-20 mieng lai vdi nhau thanh mot tep day 8-10 mm, sau do lai 
ghep 12-15. tep lai thanh mot phdt. Neu ghep bang each khau thi dudng may 
trung vdi cac difdng kinh phdt hoac may theo dirdng xoAn oc td tarn phdt ra. 
Mat do dudng khau cang day phdt cang cflng. Muon co phdt edng, cac dudng 
khau phai each nhau 5-10 mm, muon dude phdt mem hdn thi cac dudng khau 
nen each nhau 15-20 mm. Do de phdt mem nen de bj bien dang khi co luc ty 
len no, vi vay mai cho kim loai cang mem thi de phdt phai cang mem. 
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Vat can mai co hinh dang phtitc tap cung phai dung phdt de mem hodc 
phdt chuyen dung co kich thudc va hinh dang d£c bi|t, phu hpp vdi cac goc 
canh rieng cua vat. Tam phdt thudng dupe lam bing gd ho£c thep (con goi 14 
oc phdt) tipn ren hoac con de de thao lip va giu cho phdt ciing vutng, can bang, 
khong nay .... Phdt mai chi gin loai bot mai dung de mai tho hay mai tinh. 
Mai kim loai mau nen dung de bang ni mem, mai sat thep nen dung de bang 
ni ciing, con mai cho nhom nen dung de ni mem gin corun dien luyen. Mai 
tinh lan cuoi neu dung thudc mai (bang 2.2) boi len mat phdt se dupe be mat 
nhin va dong deu hdn. 

Boi vdi danh bong, de dilpc lam bang cac vat lieu mem hdn nfla nhu : 
phdt, ni, da, vai fin, vai moc mem .... chiing dUdc ghep tUdng tu nhu each lam 
de phdt, nhifng dUdng may thUa hdn, tham chi khong can may de bong dKdc 
mem mai, linh dong hdn. Tren mat bong trong qua trinh lam viec dupe boi 
thudc danh bong co chiia bot mai min. 

2.1.4. Thiroc danh bong 

d' dang paste gom co vat lieu mai, chat ket dinh va mot it phu gia. 
Yeu cau doi vdi thuoc bong la : dinh, deo, dl bam va gin chat len de bong, cho 
do bong cao, khong lam ban be mat kim loai, dl rUa sach khi tay dau m3. Vat 
lieu mai thildng la cac oxyt cua Cr, Fe, Al, Si, voi,... 

Chat ket dinh la stearin, parafin, serezin, md ky thuat, axit oleic, axit 
beo tong hdp,... Chat phu gia thildng dung la dau thong, dau hoa ,...de giam 
bdt do dinh cua thudc, la lilu huynh de tang do bong, la chat hoat dong be mat 
dl de loai bo thuoc bong khoi be mat kim loai sau do. 

Che tao thuoc danh bong nhu sau : dun nho Ida cac chat ket dinh cho 
chay long, them phu gia, cho til til vat lieu mai vao, tron ky. Tit Ida roi them 
dau thong, dau hoa vao, tron ky, rot khuon, de ngupi. Thuoc co chiia vdi phai 
bao quan that kin. 

Danh bong sd bp dung thuoc co bpt mai to (M63- M40), sau do danh 
bong tiep bang thuoc co bot. min hdn {M28- M3). Thanh phan thuoc bong dung 
cho cac kim loai va hdp kim khac nhau dtfdc trinh bay trong bang 2.3. 

2.1.5. Che do mai 

Che do mai phu thuoc vao vat lieu can gia cong, toe do quay cua phdt va 
file ty vat mai len phdt ( bang 2.4). 
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Bang 2.3. 


Thanh phan thuoc danh bong cho kirn loqi va htip kim 


MiiMliM 

MUHljll 

Ty IS, % trong Idong 


Cr 2 03 

73 

37 

40 

■■■■ 


Stearin 

- 

37 



Thep, k4n, crom 

Caolanh 

17 

13 

40 



Axit oleic 

10 

- 

10 

s f 


Md ky thuat 

- 

- 

10 



Petrolatum 

- 

13 

- 



Crj 03 

- • 

- 

- 

mm 


F©20 3 

73 

- 

72 

mm 


Cao lanH 

- 

68 

- 

- 

Thep, ken, dong, 

Stearin 

19 

17 

14 

- 

hop kim dong. 

Parafin 

5 

- 

- 

27 


Serezin 

2 

- 

- 

- 


Axit oleic 

1 

- 

- 

- 


Petrolatum 

- ' 

15 

14 

- 


C r 2 0 3 

- 

70 

- 



Fe20 3 

49 

- 

- 



Voi 

- 

- 

72 


Nhom, ken, 

Stearin 

18 

18 

23 


d6ng, hop kim 

Parafin 

33 

8 

2 


dong 

Axit oleic 

- 

4 

- 



Md ky thuat 

- 

*- 

2 



Dau thong 

- 

- 

1 



Fe 2 0 3 

2 

36 

* 



SiOj 

45 

- 




ai 2 o 3 

- ' 

36 



Nhom, dong. 

Stearin 


8 



kem, hop kim 

Parafin 

37 

- 

- 


kem 

Stearin 

6 

13 


- 


Axit oleic 

- 

3 




Md ky thuSt 

- 

4 




D3u may 

10 

- 





(1) 

■ 

(1) Thudc dung cho 


*Cr 2 03 

34 

■ 

mai-dSnh bong 

Kim loai den. kim 

Bot mai mjn 

34 

i9 ■ 

(2) Thudc danh bong. 

loai mauvahpp 

Xa phong (60%) 

16 

1 

Hai loai nay tan dUdc 

kim 

Glyxerin sach 

5 


trong dung djeh n!fa 


Dau mdy 

4 

H 

nong la Na 2 C0 3 50% 


Carbamit (loai A) 

2 

i 




Nude 

_ 

5 




Chat lifting mai va danh bong phu thudc rat nhien vao toe do quay cua 
phdt va bong. Hat hay bot mai c&ng m§m thi toe do quay cang phai ldn. Vat 
can gia cong cang cifng thi toe do quay cang can phai I6n. Neu toe do quay 
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Bang 2,4. Che do mai va ddnh bong 


Val lieu can gia cong 

Toe do dai, nn/s 

Mai 

Danh bong 

Thep, ken, crom 

20 35 

30-35 

Dong va hop kim dong 

16 25 

25-30 

Nhom, kern, thiec 

12-20 

20-30 


cua may khong thay doi ditcfc thi co the khac phuc bang each dung phdt edng 
hdn hoac co difdng kinh ldn hern . Neu may co nhieu to'c do quay khac nhau thi 
tan so' quay cua phot mai can phai thay doi theo duong kinh phdt phu hop vdi 
viec gia cong cho tirng kim loai va hop kirn nluf da trinh bay trong bang 2.5. 


Bang 2.5. Tan so quay cua phdt mai (vg/ph) 


Vat lieu can gia cong 

Tan so quay cua phdt khi co difdng kinh-, mm 

200 

250 

300 

350 

400 

Gang, thep, ken, crom 

2850 

2300 

1880 

1620 

1440 

Dong, than, tompac, dong thanh, bac 

2400 

1900 

1500 

1350 

1190 

Kem, thiec, chi, nhom, hop kim nhom 

1900 

1530 

1260 

1090 

960 


De hoan thien them viec gia cong cho cac vat co hinh dang phde tap 
nen dung cac banh chai lain bang day dong than, day thep, co, re cay, long 
hoac capron (vat lieu tong hop). De bang go, nhtfa hoac kim loai. lap tren may 
de gia cong nhdng ch6 con bo sot. 

Mai va danh bong con co the thUc hien bang cac bang vong gan vat 
lieu mai, quay lien tuc nhd hai hay nhieu puli may. Dae diem cua cac bang mai 
- danh bong nay la rat phu hop de gia cong cho cac mat cong, cho ndng suat 
cao. Co the chia cac bang nay thanh ba loai : bang boi paste: bang gan ldp 
mong hat mai bang keo; bang gan ldp day hat mai bang caosu hay nhua tong 
hop (bang mai mem deo). 

Nhoin ddu dung de danh bong. Nhom hai dung nhieu hOn, hat mai 
hoac gia'y nham. vai nliam dUOc ghn, dan len dai cliuyen; loai nay khong ben 
bang nhom ba (co ldp bot mai day hon), nhung re va nang suat cao hOn. Tuy 
theo kich tlufdc vat gia cong ma chon dung chieu rong bang th 10 - 775 mm. 
Che do mai va danh bong bhng vong bang nham dude trinh bay tren bang 2.6. 
Be mat mai hay danh bong duqc ty co' dinh hay lan tren de xoay. 


















Bang 2.6. Chedd mdi vd ddnh bong bang bang vong 


vat ii&u 

Hinh dang vSt gia efing 

ThSn bang 

Vat li$u mdi 

T6c d6 bang, 
m/s 

Thep cacbon 

Ban phang 

Gi3y 

Corun diSn 

15-20 

thap 

dng hoac dinh hinh 

Vai 

luyen 

30-35 

Thep cacbon 

Ban ph^ng hoac hoi nhap 

Vai, giay 

Corun difin 

10-20 

trung binh 

nho 


luy§n 



ong hocic dinh hinh 

Vai 


25-40 

Thep ben an 

Ban phang 

Vai 

Corun diSn 

25-30 

mon 


• 

luySn 


Dong 

Ban ph^ng hoac hoi nhap 

Vai 

Silic cacbua 

10-15 


nho 





ong hoac dinh hinh 



35-40 

Dong thau 

Ban phang hoac hoi nhap 

Vai 

Silic cacbua 

20-25 


nho 





ong hoac dinh hinh 



35-40 







Khi mai tren bang thifdng dung mot huyen phu d&c biet hay dau may 
boi len mat bang, vat bang thep dung mb bo la tot nhat. Chi mai kho cho vat 
gia cong bang phi kim , trit thuy tinh va nhita nhiet cling. De danh bong tren 
vong bang cung can cac loai thuoc danh bong khac nhau; sau dpy la mQt loai 
thanh phan thuoc bong (°'o trong ludng) : stearin 10,8 ; parafin 11,5 ; vazelin 
ky thuat 5,7; vat lieu mai m|n 72. 

Khi gia cong cho be m&t phang bang gang, dong thanh, thep nen dimg 
toe do bang 15-20 m/s. Mai tinh cho ong thep dung tbc do 35-40 m/s. Mhi va 
danh bong cho kim loai nhe dung tbc do 45-50 m/s, nhUng mai titan khong 
dupe vifdt qua 10-15 m/s. 

Bang 2.7 gidi t.hifeu cac bude mai va danh bong lan li/dt phai qua doi vdi 
cac vat lieu khac nhau. Hinh 2.1 trinh bay mot so so do mai-danh bong bang 
bang vong. 

2.1.6. Chai 

Chai de lam cho be matt sach het mun, ba via, gi,... Chai bhng cac banh 
chai lam tir day thep, day dong, day dbng thau,... lap tren may quay hoac vao 
cac dong co cam tay. Cung c6 the dung cac ban chai cam tay va thao tac thu 


2-CNMO 
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cong. Khi chai cho cac ldp ma mem thi dung banh chai lam tir long, toe, cUdc, 

re cay,... 

Bang 2.7 Quy trinh mai va danh bong cho cac vat lieu khde nhau 


Vat lieu can mii 


Cd hat vat lieu trial 


Thu 6 c danh bong 


50-40 

25-16 

10-8 

6-5 

F 02 O 3 

V 6 i 

0^03 

Gang due, thep 

± 

+ 

+ 

+ 

+ 

+ 

± 

Thep ren 

- 

+ 

+ 

+ 

+ 

+ 

± 

Thep khdng qua ren dap 

- 

i 

+ 

+ 

+ 


± 

(kich thi/ 6 c I 6 n va vite) 

Thep ben an men 

_ 

_ 

+ 

+ 

± 

± 

+ 

Dong thau, hop kirn kern (hinh 

- 

- 

- 

± 

+ 

+ 

+ 

dang don gian) 

Dong thau, hop kirn kem (hinh 


_ 

. 

* 


+ 

± 

dang phOfc tap) 

Hop kim nherr, 

- 

± 


+ 

± 

* 

+ 

Chuthich : + dung; - khdng dung; + colucdung 







2 


2 

2 TT 

iXXb- 

5 - 

3 3 


4 1 3 


A 


i 

kSJ 

T 



i 


4 



Hinh 2.1. M6t so so d6 mai va danh bong bang bang vdng : 

1-puli'keo; 2- puli eSng; 3-bSng mai; 4- vat can mai; 5-tiiia; 6 tang mai; 7-bSnglai. 


D§ chon banh chai nen tham khao bang 2.8. Khi can chai tinh nen 
dung day co difdng kinh 0,05 - 0,10 mm, con khi can chai tho co the dung day 
ditdng kinh den 0,30 - 0,60 mm. 

Co the chai kho de lam sach mun, ba via, gi vay xop,... Muon dUflc be 
mat muot, dep hon nen chai udt nhd dung dich Na 2 C0 3 hay xa phong. Toe do 
quay cua banh chai co the thay doi tii 450 den 1800 vg/ph, Trong khi chai 
khong nen ty manh qua lam vat chai bi mon nhieu va day de bj dtit, gay, 
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Bang 2.8. Bdnh chai kim loai 


Vat can chai 

VSt Ii6u day chai 

Codng kinh day, mm 

Gang, (hep, dong fhanh. 

Thep 

0,05-0,30 

Ken, I6p ma ken 

Thep, bac mdi (Cu-Ni 5-35%- 
Zn 13-45%) 

0,15-0,25 

Ldp ma kern, thiec, dong, 
d6ng thau 

0<5ng, dong thau 

0,15-0,20 


2.2 QUAY 

Quay de lam sach be mat cho cac vat nho khoi cac vet ban, mun tay 
trong axit, ba via, khuyet tat; quay con d§ mai va danh bong be mat nfia. 
Quay cac vat gia cong dong thtii vdi vat lieu mai hay danh bong trong cac 
chuong quay hoac thung quay. Trong qua trinh quay cac ch6 loi cua vat gia 
cong co xat vdi nhau va vdi vat lieu mai nen se bi mon di. Vat gia cong det 
phang nen dung thung quay, vht co ren ngoai nen dung chuong quay de ren do 
bi mon vet. 

Co the quay khd co hay khong co vat lieu mai hoac quay itdt cung vdi 
chat long va vat lieu mai. Quay kho thitdng dung de hoan thien lan chot cho 
6c vit cd nho de loai bo ba via, goc canh she, va be mht nhhn bong hcfn. Quay 
tfdt thudng difdc dung d cac bitdc trade khi ma nharn lam sach het mun tay 
trong axit, cung nhif lam cho be m^t nhan hdn. 

Khi quay Udt vdi muc dich mai nhhn, phai dung cat, soi nho, manh sd, 
man thep vun, bi thep,... Con quay udt vdi muc dich danh bong, phai dung bi 
thep, mun ci(a, mau da vun, phdt vun va cac vat lieu mem khac. Chat long 
dung trong quay Udt la dung djeh Na 2 C0 3 2 - 3%, dung dj.ch H 2 S0 4 hay 'HC1 
loang, dung dich kiem hay muoi amon loang. 

Thdi gian quay phu thuoc nhieu vao tinh trang be mat va yeu cdu cua 
san pham ; 


Loai bo ba via 

0,25 - 2,00 h 

Loai bo gi, oxyt 

1 - 4h 

Mai nhan 

4 - 40 h 

Danh bong cho vat be : 


thep dot dap 

3 - 4 h 

thep ren 

4 - 6 h 

dong thau, dong thanh 

2 - 4 h 
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Bang 2.9. Chedd quay gia cong be mat 


vat cSn 


Vdt lidu 

Dung 

Ch§ d6 gia edng 

B6nh&m R z , 

gia c6ng 


mai 

dich 

nfing 

tSn s6 


trU6c 

sau gia 





d6, 

quay, 

■ 

gia 

c6ng 


flH 



9^ 

vg/ph 

■01 

c6ng 


Th6p 

Kho 

Hat mai s6 

3-4 

' 


20-60 

10-24 

40-20 

8-5 

Thep 

trat 

Manh dd m^i 

Xa phdng 

2-5 

30 

2-12 

40-5 

5-2,5 


(mai) 

corun 3 - 5 

72% 








mm 







Thep 

trat 

Manh sif 5-20 

Xa phong 

2-5 

30 

2-12 

5-2,5 

1,25- 


(danh 

mm; Bi thdp, 

72% 





0,63 


bong) 

4 10 mm 


2-5 

30 

2-12 

- 

- 

Nh6m,hgp 

Udt 

Manh sif 5- 

Xa phong 

20-30 

30 

2-12 

5 

1,25 

kim nhdm, 

(danh 

20 mm; Bi 

72% 






hop kim 

bong) 

thep, 4 1 4 -10 







kem 


mm 







Nh6m va 

Udt 

Bftt mai corun 

Ni/6c voi 

500- 

30 

2-12 

40-5 

5-2.5 

hop kim 

nhom 

(mai) 



600 






Vat co rihieu gi phai tay gi trade, sau d6 mdi clem quay va khi do phai 
dung ca^thach anh vdi dung dj.ch Na 2 C0 3 2-3%. Th§ tich cat phai 16n hetn the 
tich vat gia cong. Che do quay trinh bay trong bang 2.9. 

Quay udt vdi muc dich mai va danh bong con co the tie'n hanh trong 
•thung quay khoan 16, d&t chim trong be dung dung dich, thUdng la dung djeh 
xa phong, Vat lieu mai dung trong quay mdi tidt la cac manh vun cua da mai 
corun. Manh da mai co de hdu cd cho ket qua tot hdn loai manh da mai co de 
la go'm. Nen dung ba cd manh chia thanh ba phan trong ludng bdng nhau . 
phan 1 co cd manh 5-10 mm, phan 2 co cd 10 - 20 mm, phan 3 cd 20 - 30 mm. 
Trong quay bong udt dung cac manh s\l cung vdi bi thep toi. 

Do nhdm bi mat : 

trade khi mdi : - 40 pin , R n = 2,5 

sau khi mai: R z = 1,25 pm, R a - 0,63 

trade khi danh bong Udt: R a ~ 2,5 + 0,63 

sau khi danh bong Udt i? a = 0,32 + 0,80 
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2.3 XOC, PHUN 


2.3.1. Xoc 

Vat gia cong cung vdi hat mai, chat don, chat hoat dong be mkt do chung 
vao khoang chUa va dupe rung theo nhUng tan so' va bien dp khac nhau. X6c 
dupe dung de mai, danh. bong, lopi bo ba via, ve tron canh, lam sach cho vat 
due, lam sach gi, da'u vet an mon, ting dp nhkn ,... 

So vdi gia cong trong thung quay thi xoc cung titdng til, nhilng co nhutng 
Uu diem sau : nang suat cao, gia cong deu ca mkt trong lln mkt ngoai, dung 
dupe cho ca vat manh, gion co nhieu kich thude khac nhau, co khl hoa va tU 
dong hoa viec thao nap lieu de dang, de ap dung vao cac day chuyen ma tU 
dong,... 

Xoc co the giam do nham tt( R, ~ 40 xiiP'ng den 0,63 pm sau 3-5 lan 
chuyen each xoc va thdi gian gia cong la 10 h. Khi can xoc tho dung lupng hon 
hpp mai ldn hon lupng vat gia cong. Ty le thfch hop giQa hon hpp mai va vat 
can gia cong la 1:1 - 5:1. Luc do vat gia cong bi mon manh nhat. 

Co hai each xoc : xoc dm va xoc tfdt Xoc am co 20% the tich khoang 
chUa la chat long. Trong xoc Udt, cac can ban dupe loai bd bing each rila 
khoang chUa ngay trong khi xoc. Co the riita theo chu Icy (dung dung djeh die) 
hoac rua lien tuc (dung dung djeh loang). Tuy theo yeu cau chat lupng san 
pham va ban chat vat lieu gia edng ma chon dung moi trudng gia cong la axit, 
trung hoa hay kiem. Che dp xoc (bien dp va tan so' rung) cung dupe chon theo 
yeu ciu chit lupng gia cong : xoc tho chon bien dp ldn, tan so be, con xoc tinh 
thi ngtldc lai. Tin so toi uu cho mai la 1000 - 1500 lin/ph, cho danh bong Ik 
2200 - 3000 lan/ph. Bien do xoc cho mai la 5 mm, cho danh bdng la 1 - 3 mm. 
Chu y : x6c lam mon kha manh vat gia cong nen trong thiet ke, che tao phai 
co dp doi khoang 2-5 pm. 

Vat lieu mai cho thung xdc thudng dung lk manh da mai, hpt mki co 
hinh dpng va kich thude khac nhau, bpt mki ,... De lam sach va khu ba via lk 
chinh thi dung manh da mki loai citng, con de c6 be mkt dpp , dung loai mem 
hdn; thong dung nhat 1a corun dipn luypn. De x6c bPng thudng dung vpt 
lieu nhan tao, mem, nhu oxyt cua Fe, Cr, A1.... hokc vpt lipu tU nhien nhU da 
ckm thach, da phan) da granit,... c6 khlch thude 8 - 40 mm. Chk't dpn trong 
hon hpp mai thudng la cac mku cao su, g6, phdt, ni,... 

2.3.2. Phun 

Dung khi ndn, chat long ,... phun vat lipu mki vdi tP'c dp ldn dap lPn be 
mkt kim loai nhkm lam sach no. Co nhieu each phun : phun cat, phun bi, phun 
nude va hat mki. Chung dupe dung de "cao" gi, boc ldp ma cu, gia cPng cho 
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vat rat Ion , be mat tam to ma cac each khac khong thbc hien dupe. Gia cong 
bhng each phun con lam cho be mat kim loai bien cbng ngupi va trd nen vbng 
chic, tot hdn; be mat mb deu nen hap phu tot anh sang, dung cho thiet bj. 
quang hoc rat phu hdp. 

Vat lieu mii phun dap rat manh len mat can gia cong lam bin di moi 
chat bin, va lam cho be mat trd nen nham rat deu. Sau khi lam sach se dupe 
be mat md, co rat nhieu diem lorn li ti giiip cho ldp ma bam chic vao nen hdn. 

Vat lieu mai phun la mat eda kim loai, mat gang, hi va hat kim 
loai,... Hat gang hay thep de gia cong cho vat bing gang, thep thap cacbon. De 
gia cong cho kim loai den ngbdi ta con dung day thep ham vun, phoi thep toi 
dap nho va bi gang nghien thanh hat vun de lam vat lieu mai. Khong nen 
dung mat kim loai , vun gang de gia cong cho thep khong gi va kim loai mau 
(dong, kem, nhom, hdp kim nhom) vi cac hat nay bam dinh len kim loai gia 
cong se kich thich an mon; khi do phai dung cac manh vd cua vo hat cay (hat 
md, hat anh dao,... rat cbng), nhba hat .... lam vat lieu mai phun. De gia cong 
cho nhom, hdp kim mage con dung hat mai bing hdp kim nhom (A1 10) dupe 
lam tb phoi tien hoac tb each nail chay. Vat lieu mai phai cat gib trong phong 
kho rao trong cac thung day kin, Trade khi dem phun, vat phai difdc tay sach 
dau md, say kho. Neu co gi day phai difdc tay gi trifdc. Che" do phun bing bpt 
mai, mat va mau vun kim loai difdc gidi t hieu trong bang 2.10. Vat gia c6ng 
qua manh hoac lam tif vat lieu gion, mem thi phai dung vat lieu mii nho mjn 
va ap suat phun nho hdn. NSng suit phun phu thupc nhieu yeu to': vat lieu 
dung, ap suit khi nen, difdng kinh mieng sung phun, khoang each tif mieng 
sung den be mat cung nhif goc phun. Goc phun giSa tia phun va he mat nen 
dung trong pham vi 45 - 60°. Co nhieu loai thiet bi phun thifdng pham de gia 
cong cho cac vat to nho khac nhau. 

Phun itdt : dung huyen phu nifdc va vit lieu mai phun manh l§n bi 
m$t kim loai de lam sach no. Gia cong cho thep dung bun gom 30% cat vi 70% 
nifdc. Gia cong cho kim lo^ii miu dung bun g6m 20% cat vi 80% nude. 
Thifdng cho them Na 2 C0 3 , NaN0 2 ,, diu .... vio bun de gia edng xong khong b; 
gi lai. Ning suit phun ifdt phu thuoc nhieu vio ap suit khi ndn, tic dp vi gdc 
phun, c0 h$t vi ty lp giiia v$t hpu mii va chit long. A'p suit khi cing ldn, h^it 
cang to thi ning suit cing cao. 

Moi cd hat co mpt ap suit khi toi ifu vdi no : 

- hat cd 40 - 28 pm , ap suit khi toi Uu la 0,5 MPa; 

- hat cd 125 - 100 pm, ap suit khi tfii ifu la 6 - 9 MPa. 

Khoang each tb mieng sung den be mit gia cong li 50 - 100 mm. 

Goc phun trong gidi han 35 - 45°. Gdc tb 30 - 35° cho be mit bong. 

Phun ifdt cho be mat nhin va deu hdn phun kho. 
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Bang 2.10. Che do phun 


Chieu day vat gia cong, 

mm 

Hinh thifc gia cong 

Kich thiicfc hat, 

mm 


□i/Si 1 

Gia cong biing bit 

0,20-0.16 

0,05-0,15 

3 

mai 


0,15-0,25 

Tren 3 



0,3 - 0,4 

Di/di 1 

Gia c6ng blng mat 

0,15-0,30 

DtffiPi 0,5 

2,5 

hay m&nh vun kim 

0,3-0,5 

0,5 

5 

loai 

0,8-1,0 

0,6 

Tren 5 


0.8 -1,5 

0,6 
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Chifdng 3 

TAY DAU MCJ HOA HOC VA OIEN HOA 

3.1. tAy dAu mc* bang dung m6i huu CO 

Tiiy bang dung moi huiu cd se lam sach dude cac loai dau md khoang 
(von khong xa phong hoa dUdc nhu dlu md, hac in, cao su, parafin....), thuoc 
danh bong, dau md bao quan,... Sau khi tay trong dung moi huu cd tren mat 
vat. da tay van con mot ldp rat mong dau md nhung cung du lam giam do ghn 
bam cua ldp ma vdi nen. De loai bo ldp mong dau md nay can phai tay tiep 
bang phUdng phap hoa hoc hay dien hoa. 

Mot dung moi ly tudng phai co nliQng ph4m chat sau : tay dude ct nhiet 
do thap , nhiet do cao cung nhu d the hdi; khong chay; khong tac dung hoa hoc 
vdi kirn loai: ben, on djnh. khong doc; diem soi thap (dudi 125 °C); nhiet dung 
va nhiet hoa hdi thap; hdi cua chiing nang hdn khong khi; d the long co trong 
ludng rieng ldn va siic cang be mat be; dap dng dude cac yeu cau ve bao ve moi 
trUdng va cac quy djnh ve an toim va bao ho lao dpng. 

Tuy nhien trong thuc te chUa tim difdc dung moi nao co day du tat ca 
cac pham chat do, cac dung moi hdn cd thong dung hien nay thUdng van cd 
tinh doc hai, cho nen chi dUdc phep su dung chung trong cac thiet bj dac biet, 
chuyen dung va phai tuan thu dung cac quy djnh ve an toan va bao ho lao 
dong Khong nen dung nhiing dung moi de chay nhu xdng, dau hoa, benzen, 
toluen, xyleni,...Chi non dung cac loai cac loai hydrocacbon da clo hoa khong 
chay nhu tricloetylen, tetracloetylen, pecloetylen, cacbon tetraclorua.... 

Kha nang hoa tan dau m9 ( kg/ m 2 .s) cua mot so dung moi nhu sau : 


Tricloetylen 

3,10 

Xang 

1,30 

Xyien 

2,20 

Tetracloetylen 

1,70 

Dau hoa 

0,65 


Cac dung mdi tricloetylen va tetracloetylen dude dung pho bien nhat. 

Tricloetylen cd the tiy dau m3 cho rat nhieu kim loai: thep, dong, kin 
va cac hpp kim cua chung. Nhung tricloetylen phan Ung rat manh vdi nude , 
hdi nude va tao ra HC1, gay an mon thie't bj va vat tay, vi vay vat tritdc khi tiy 
khong dUdc am Udt hodc vUa gia cong trong mot dung dich nUdc nao do. 
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Khong dung tricloetyen de tay cho nhom, hup kim nhom, titan va hup kim 
titan (thudng dxing trong che tao may bay) vi se thoat nhiet manh ldm phan 
huy no thanh cac hup chat co hai cho site khoe. 

Nude chiet cua tricloetylen phai co pH th 6 trci len. Tricloetylen thuung 
cho them chat on dinh vdi luung khoang 0,01 kg/m 3 : do la cac chat trietylamin, 
inonobutylamin, urotropin, hoac cac thuung pham da ma h6a khac De khu 
dm thuung chUng cat tricloetylen trong thiet bi co chiia xut. 

Tetracloetylen C 2 CL, co the dung dt? tdy cho hau het cac kim loai, ke ca 
Mg va Al. 

Nhuuc didm cua cac hydrocacbon clo hoa la doc, ddt. NhUng neu dung 
chung trong cac thiet bi cd khi hoa vdi nhhng may rha kin, lai ditUc trang bi 
quat hut bao dam va co thiet bi tai sinh dung mdi da bdn thi viec rha vin an 
toan, lai nhanh va chat lUUng tot. Che do tiy dau md trong cac dung moi dUdc 
gidi thieu trong bang 3.1. 

Bang 3.1- Chi'do tay dau md trong ede dung mot huu co 


Cac 

Vat lieu 


Ch^dfttly 

dang 

cOa 

Dung mfii 

Nhiat 


b£n 

vat tay 


<S6. °C 

nhung 

hdi ! 

Dang lam 

-Tat ca kim loai, trCf Ti 

-Tetracloetylen 

121 

1 

_o 

bi 

cn 

© 

viec, boi 

-T5t ca, trif Ag, Ti 

-Tricloetylen + ch£t 6n 

87 



trdn. boi 


djnh 




bao quan. 

-Cu, Al, hop kim Al, I6p ma 
Cu 

-pH nifdc chiet > 6,8 

70 




-Moi kim loai trif Ti, moi I6p 

-Tetracloetylen + 

121 



Thuoc mai 

ma mai va danh b6ng 

cationat-10 (1 - 3 g/1) 




va danh 

-Moi kim loai tnif Ag, Ti. Moi 

-Tricloetylen + chat 6n 

87 



bong 

be mat mai, danh b6ng trif 

dinh + cationat-10 (1 - 


2 0,5 

0,5 - 5,0 


Ag, Cu, hop kim Cu 

3 g/l) 





- AI.Cu va hop kim Cu, I6p 
ma Cu 

- Nhiftr&n 

70 




Cd the" tay nguoi hoac thy nong. Tay trong dung moi nguoi duuc thUc 
hien bang each nhung, lau chui, te tat hodc phun len vat thy, Neu dung each 
nhung thi phai nhung lien tiep trong 2 bode 3 be tit ban den sach. Tay ndng 
(u the hui) duuc tien hdnh u nhiet do gan didm soi cua dung mdi, trong cac 
thiet b; chuyen dung, khong ro gi hui dung mdi ra ngoai. Bang each them chat 
nhu hoa vao dung nidi se duuc mot hdn hup tay "dung mdi - nhu tuung" co tac 
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dpng tay rat manh cac hat ban ran va bui bam cung vdi d4u md tren be mat, 
nen rat thich hop cho vipc tay sach dau m3 bao quan lau ngay da kho ciing, 
tay thuoc mai, danh bong bam tren be mat,... 

3.2. TAY DAU MO HOA HOC. 

Dau m3 bam tren be mat can tay sach co hai loai: 

- Loai co nguon goc dpng thuc vat la nhdng este phvtc tap cua glyxerin 
va nhdng axit beo bac cao nhu stearic, palmitic ,... ; 

- Loai co nguon go'c khoang vat (tU dau mo) la cac h6n hop cac 
hydrocacbon nhu parafjn, vazelin, dau may, m3 ky thuat,... 

Nhiem vu cua thy dau m3 la phai lam sach ca 2 lopi nay khoi be mat 
kim loai. Loai co nguon goc dpng thifc vat co the tac dung v3i xut thanh xa 
phong tan dupe trong nude . VI du, stearin (co rat nhieu trong m3) tac dung 
vdi dung dich NaOH tao thanh natri stearat (xa phong) tan trong nude thanh 
dung dich keo : 

(C l7 H 35 COO) s C 3 H E + 3NaOH = 3 C 17 H 35 COONa + C 3 H 6 (OH) 3 
Loai co nguon goc khoang vat khong co kha nhng xa phong h6a nen chi tay 
dupe chung bhng dung moi hay bhng chat tay rua dac bipt. 

Khi thy dau m3 hoa hoc ca hai qua trinh do deu xay ra : qua trinh xa 
phong hoa nhd dung dich co mat NaOH va qua trinh tay dau m3 khoang nhd 
co mat cac chat hoat dong be mat dhc biet (chat nhu hoa, bien dau m3 bam 
tren be mat thanh nhu titdng; chat huyen phu hoa, bat cac chn ban bong khoi 
b§ mat va di vao dung dich,...) . 

Vi vay mot dung dich thy dau m3 hoa hoc co chat lupng cao phai : tham 
udt tot be mat can tay; tharn Udt va ngam sau vao trong cac chat ban chn thy 
di; hoa tan hoic xa phong hoa dupe dau m3 dpng thUc vpt ho^c nhu tUPng hoa 
hay huyen phu hoa dupe dpu m3 kh6ang hay cac hat b^n ran; lam mem nude 
de tranh hinh thanh cac hpp chat khong tan cua Ca vk Mg; de rua sach sau 
khi tay: khong xam thpc hay lam m3 be mat kim lopi; trung hoa tot cac axit 
theo vho cung vdt tdy nhUng khong gay bien dpng pH; khong doi hoi thoi gian 
t4y qua lau va thiet bj qua phUc tap; cho be mat tay dpt yeu cau cua bude tiep 
theo (ma, anot hoa, sdn ,...); khong sinh qua nhilu bot khi tay cung nhu khi 
rUa sau do. 

Trong cong nghipp, dung dich tay thudng co cac thanh phan ; xut, 
photphat, thuy tinh long, xa phong, chat tay rita tong hpp ( chat hoat dpng be 
mat, chat nhu hoa ,...), chat hUu cd co phan tu lupng ldn (gelatin, dextrin,...), 
natri cacbonat,... 
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NaOH la chat quan trong nhat dd lam sach kim loai, ngoai tac dung 
noi tren no con pha huy nhieu chat hotu cd, hoa tan kim loai lUdng tinh va cac 
oxyt cua chung. 

Tuy theo nong dp kiem ma chia dung dich tay dau md hoa hoc thanh 3 
nhom : Dung dich kiem dac, toi da la 100 g/1, (pH 12 - 14) de tay sd bo cho 
thep: dung dich kiem vita (pH 11 - 12) de thy cho cac vat tritdc khi ma; dung 
dich kiem loang, khong qua 50 g/1, (pH 10 - 11) de tay cho kim loai mau va 
kim loai nhe. De tay cho cac kim loai tan trong kiem nhu Al, Zn, Sn dung 
dung dich kiem yeu : NaC0 3 , K 2 C0 3 , Na 3 P0 4 (khong dung NaOH) . 

NaOH dac qua di tao thanh mang oxyt tren thep, dong, hpp kim dong 
gay thu dong hoac gay an mon doi vdi cac kim loai nhp (khi pH 10), hay kim 
loai mau (khi pH > 12,5). 

Na 3 P0 4 va Na 4 P 2 0 7 thuy phan cho moi trubng kiem, co tinh dem, co 
tinh hoat dong be mat (keo tan chat ban), giam do citng cua nude (tao phtfc vcti 
Ca,Mg), giup cho viec rda sach NaOH v5 Na 2 C0 3 sau tay ditdc dl dang hdn. 

Thuy tinh long m Na 2 0.Si0 2 cho tinh kiem, tinh dem, co tac dung he 
che va nhu hoa. Khi thuy phan tao thanh axit silisic khong tan , d dang keo, co 
kha nang lam phan tan chat bfm rdn, cai thien tinh tay riia be mat va ng&n 
can chat b;in ket tua trd lai tren be mat da tay. Khi ket hdp vdi chat hoat dpng 
be mat se thanh tac nhan tham udt, nhu hoa va chong ket bong (cho kiem) rat 
tot. Sau khi tay trong dung dbh co thuy tinh long tren mat kim loai bao gid 
cung con lai mot mang mong nhung rat de riia sach trong nude trung tinh hay 
kiem nhe. 

Na 2 C0 3 thuy phan cho ra NaOH. co tinh dem, lam mem nude, tang tac . 
dung cua cac chat hoat dong be mat. 

Chat hoat dong be mat hien co hang ngan loai khac nhau, can phai 
chon loai cd kha nang phan huy dude nhd vi khuan (chat mem sinh hoc) de dd 
dang khd dpc cho nude thai sau khSu t&y rua . Nong dp ch&'t hoat dpng be mat 
tit 1 den 8 gA thy loai. Chat hoat d$ng be mat loai phan tit ho$c h8n hpp loai 
phan tit va loai anion thich hpp cho tfiiy ngdm vd t£y phun; loai anion thich 
hpp cho t£y dipn hoa. mpt sd' loai phan tit khong sinh bot nen thUdng ditpc 
dung hon hpp vdi loai anion de khong che lupng bot cho thich hpp; loai cation 
va loai litdng tinh thitdng de lai ldp mkng mong tren mat kim loai cd tac dpmg 
cho'ng oxyt hoa, chong gi. 

Xb phong va cha't tiy rua tong hpp lam giam site c&ng be mat, nhu h6a 
dau, huyen phu hoa cac chat ban ran. C6 chat cho nhieu bot, it bot ho£c 
khong bot, khi tay phun hay tay dien hoa can chon loai cho it bot hay khong 
bot. Xa phong dung cho trifdng hdp tay nhung cac vat rat ban nhung khong 
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ditdc dung nude cling. Chat thy riifa tong hdp dung ditdc cho ca nude ciing va 
mtdc mem, cho tay phun va thy dien hoa. 

De bao ve moi trudng gan day ngifdi ta san xuat cac chat tay riia chtfa 
rat it hoac khong chiia photphat va thay vao do la cac hdp chat vong 
cang nhu natri gluconat, natri heptagluconat, natri xitrat, NTA (trisodium 
nitrilotriacetate), EDTA (tetrasodium etylendiamine tetraacetate), trieta- 
nolamin,... 

Bang 3.2. Thanh phdn dung dich tay dau ntd hoa hoc 


Thanh phan (g/l) Vet 
che do tay 

Dung dich so 

1 

2 

3 

4 

5 

6 

7 

"Labomid” hay "Impulse" 

20-30 



. 




"Udyprep 110 EC" 

- 

- 

- 

- 


- 

40-80 

Chht t£y rteTOCA-1" 

- 

- 

- 

- 

10-50 

- 

- 

NaOH 

- 

5-1-5 

20-40 

8-12 

- • 

- 

- 

Na 3 PO,.12H z O 

- 

15-35 

5-15 

20-50 

- 

15-35 

- 

Na2C0 3 

- 

15-35 

- 

- 

- 

15-35 

- 

Chat hoat d6ng b4 mat 

- 

3-5 

3-5 

- 


3-5 

- 

Na 2 Si0 3 (thuy tinh long) 

~r 

- 

10-30 

25 30 

- 

- 

- 

Nhiet do, °G 

60-80 

60-80 

50-70 

40-70 

70-80 

60-80 

40-70 

Thdi gian tly, ph 

3-10 

3-20 

2-5 

3-10 

7-10 

5-20 

5-15 


Nhiet do tay dau md thUdng la 70 - 90 ”C, d nhiet do nay qua trinh xa 
phong hoa va nhu hoa xay ra manh nhat. Thdi gian thy phu thupc vao mdc do 
bhn va dao dong tit 3 den 20 ph. Tang nhiet dp va khuay dung djeh hieu qua 
tay se tang len. 

Thanh phan mot so dung djeh tay dhu md hoa hoc ditdc gidi thipu trang 
bang 3.2. Hien nay cac hang che tao thitdng cung cap cac chephdm tong hap 
tay d&u md mang cac ma hieu khac nhau, trong dd co nhieu lo^i rh't tot, set 
dung tien ldi, vi du, chat thy rUa Labomid, chat Detalin, chh't Udyprep 110 EC 
(Singapor) hay chat Ace clean A-110 (Nhat Ban) 

Dung djeh 1 thy cho moi kim loai va hdp kim. Dung djeh 2 va 3 thy 
thep. Dung djeh 4 va 5 thy nhom va hdp kim nhom. Dung djeh 6 thy cho moi 
kim load va hdp kim trif nhom va hdp kim nhom da danh bdng. Dung djeh 7 
thy cho thep, ddng, dong thau va kem. 

Ngoai cac dung dich thy co tinh van nhng noi tren con co cac dung 
djeh dhc biet chuyen de thy sach thuoc mhi vh danh bdng, chuyen tay chh't bdi 
trdn nhiet do thap, chuyen thy huyen phu dhu-nitdc dung trong che tao cd khi, 
chuyen cho thy phun ,... hoac co nhntng chat tay rota tong hdp thay the cho 
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dung moi hdu cd, lpi co kha nhng thy rua manh hdn cac dung dich kidm, cac 
chat nay ddu mang ten ma hoa nhu KM -1, MC-6, OC-1, Vimol, Triac-A, 
Omega-1.... do cac hang che tao cung cap, co kem theo hudng dhn su dung. 

3.3. TAY DAU MO DlfiN HOA 

Tay dau mo dien hoa cho be mat rat sach, thdi gian thy nghn, thUdng 
dimg vao khau lam sach lan cuo'i de lay di mang dau md con sot lai sau cac 
khau thy trade do. Dung djch thy dien hoa co thanh phan giong nhu dung 
dich tay dau md hoa hoc nhung nong dp loang hdn. Co the dung ddng mot 
chieu hay xoay chieu cho thy dien-hoa. Khi dung dong mot chieu thi vat thy co 
the la catot hohc anot. Trong qua trinh dien phan cac hot khi nho (hydfo hay 
oxy) thoat ra tren dien cue (vat tay) se loi cac mang hay giot dau md bong ra 
nen toe do thy nhanh hdn. Thy anot cham hdn thy catot vi dung djch sat anot 
khong bi kiem hoa nen qua trinh xa phong hoa xay ra cham hdn, dong thdi the 
tich khi oxy thoat ra be hdn the tich hydro ma bot khi oxy lai to hdn bot khi 
hydro nen tac dung loi mang, giot dau md kem hdn . Thy anot con lam be mht 
xam, den do bi oxy hoa bdi oxy thoat ra. NhUng tay catot kim loai lai bi gion 
hydro, vi vay khong nen tay catot lau, nhat la tay cho cac vat manh, cho nhip, 
16 xo,... Hien nay da co cac che phhm tong hdp, dudi cac ten ma hoa khac 
nhau, cho vao be thy dien hoa de khhc pliuc hien tudng gion hydro rat hiiu 
hieu. Vi du, chat ifc che loai polyme chifa nitro, co phan tit ludng thap, cho'ng 
gion hydro cho thep rat triet de, dong thdi cho'ng sinh bot tren mat dung djch, 
lam mat nguy cd tao ra hon hdp no (giiia oxy va hydro). Trong thitc te hay tay 
lien hoan: luc dau thy catot 5 -6 ph, sau do tay anot 1-2 ph. Neu thUc hien 
hai lhn thy ay trong hai be rieng biet thi d be thy anot dung catot thep, con d 
bd tay catot dung anot ken, thep ma ken, thep khong gi; vi neu dung anot 
bhng thep thUdng se bi tan (tuy rat it) lam bhn dung djch va ion sht se ket tua 
len mat vat thy. Dieu nhy rat bat ldi doi vdi tritdng hdp tay catot cho dong, 
hdp kim dong, be mht da danh bong. Thy dau m3 dien hoa cho dong, kem, 
nhom va cac hdp kim cua chung chi chfdc tien hanh tren catot. 

NhUdc diem cua tay dau md dien hoa la kho tay sach trong cac khe, 
khuat, Id,... cho cac vat co hinh thu phiic tap vi kha nang phan bo' cua dung 
djch thap. 

Thanh phan dung dich, che do thy dau md dien hoa dupe trinh bhy 
trong bang 3.3. Dung dich 1,2,3 tay tren khung treo, dung dich 5 thy trong 
thung quay, dung djch 4 thy bang dong xoay chieu. Dung dich 6 thy cho 
dong, NaCN vita co tac dung tay dau md vita hoat hoa be mat dong; Idp ma 
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dong tren thep tly catot trong dung djch 6 roi chuyen sang tay anot trong 
dung dich 7. Dung dich 8 tay cho hdp kim kem. 


Bang 3.3. Dung dich tay ddu md dien hoa 


Thanh phan 
(g/l) va 
che do tay 

Thep 

Dong 

Hop kim 
kem 

Dung dich so 

i 

2 

3 

4 

5 

6 

7 


NaOH 


5-10 


45-55 

60-70 


10-15 

eg 

N32C03 - 

20-40 

20-40 

25-30 

- 

10-20 


25-30 

mm 

Na 3 P0 4 

20-40 

20-40 

25-30 

10-20 

5-10 


25-30 

wEm 

NajSiOj 

- 

3-5 

- 

15-25 

- 

- 

- 

- 

NaCN 

- 

5-15 

- 

- 

- 

10-15 

- 

- 

NasP 3O-10 

- 

- 

- 

10-20 

- 

- 

- 

- 

Chat HOBM 

- 


1-2 

0,1-0,2 

0,1-1 

- 


- 

Tnlon B 

- 

- 

* 

- 

4-6 

- 

- 

- 

Nhiet do, °C 

60-80 

60-80 

60-70 

75-85 

35-40 

65-70 

40-50 

60 70 

D c , A/dm 2 

2-10 

2-10 

10 

4-8 

1-1,5 

2-5 

- 

1-2 

LX, A/dm 2 

2-10 

2-10 

- 


- 

- 

2-3 

- 

l c , ph 

3-10 

3-10 

10 


3,5 

4 

- 

0,5 

t a , ph 

1-3 

1-3 

" 


’ 

" 

1-2 

" 


Chon dung d;ch can litu y den do dan dign, kha nhng tham Udt, kha 
nang nhu hoa, kha nang an mon nen va ctfc doi. 

Do din dien cua dung dich giam theo that tu sau : 

NaOH > Na 2 Si0 3 > Na 2 C0 3 > Na 3 PO,, . 

Kha nang nhu hoa tang theo thh tu sau : 

NaOH < Na 2 C0 3 < Na 3 P0 4 < Na 2 Si0 3 . 

Hien nay cac hang san xuat vat tu ky thuat ma dien thudng cung cap 
chat tay rUa dien hoa d dang to hdp difdi nhufng ten thifdng mai khac nhau, co 
kem theo hudng din each sii dung, trong so' do co nhieu chat kha tot, Vi dii, 
chat Udyprep 220 EC chi can 30-60 g/1 vdi nhiet do tUdng doi thap (40-70 °C), 
tay d 5 - 10 A/dm 2 th 2 - 4 ph tren catot hoac anot da cho be mat thep, dong, 
hdp kim dong rat sach. 

Trong qua trinh tly dau md dien hoa can gat bo ldp bot tren be mht 
dung dich , de tranh tao thanh hon hdp no gifla hydro va oxy. Muon vay can 
dung php gia cho'ng sinh bot, han che dung chat hoat dpng be mat hay chat 
nhu hoa sinh nhieu bot. 

Tang nhiet do se tang tdc do tay, dong thdi tang ca do dan dien cho 
dung dich, lam giam dien the be, tiet kiem dien nang. Tang mat do giong dien 
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se ting toe do tay. Dien the tren be tay dien hoa thudng dao dong trong 
khoang 3 -10 V, vi vay can dung ngu6n dien co dien the 6 - 12 V . 

3.4. t£y SACH TRONG SIEU AM 

Dung may phat sieu am truyen song dao dpng co tan so' khong nho 
hon 20 kHz vao dung moi hay dung dich kiern thi tay riia se nhanh hdn va 
sack hdn rat nhieu. Luc do khong chi dau m3 raa ca gi , oxyt, can ban deu 
dupe tay sach, ke ca trong khe, ranh, lo sau, chan ren .... Vi co nhieu Uu diem 
nhit vay nen trong cong nghiep san xuat dong ho, linh kien dien tut, ban ddn, 
cong nghe cao rat hay dung sieu am vao viec tay ruta. 

Khi cho song sieu am lan truyen vao chat long se lam xuat hien nhQng 
vung ap suat rat cao xen ke veti nhflng vimg ap suat rat thap, sau do chung lai 
hoan vi cho nhau vdi tan so' rat ldn. Neu ciidng do dao dong du 16n thi nhQng 
bien doi dot ngot ve ap suat luan phien ve khong gian va thdi gian trong moi 
trvtdng tay tao ra tac dung xam thiic rat manh liet, bao sach moi tap chat tren 
be mat vat tay. 

Tang nhiet do se tang tac dung tay rifa cua sieu am len. Thanh phan 
chat long cung anh hitdng den toe do va chat lildng tay bltng sieu am. Neu chat 
long khong co tac dung hoa hoc gi vdi chat ban thi tay sieu am chi co tac dung 
vat ly va cd hoc la xam thiic de bio sach be mat, neu chat long lai co the hoa 
tan hay xa phong hoa dupe chat ban thi tay trong sieu am con c6 them tac 
dung hoa ly nha. Bang 3.4 trinh biy mot so dung djeh tay dau m3 bing sieu 


Bang 3.4. Mot so dung dich tay dau md trong sieu am. 


Thanh phSn 



Dung dich so 



(g») 








1 

2 

3 

1 4 

5 

6 

NaOH 

5-10 

- 

25-30 


- 

- 

Na 2 C0 3 

15-35 

4-6 

- 

- 

3-5 

- 

Na 3 P 04 . 12 H 20 

40 60 

6-8 | 

- 

30 40 

3-5 

- 

Na 2 SiOj 

- 

10-12 | 

20-25 

- 

- 

5-15 

Chat HBBM (*) 

- 


- 

1 -3 

1 -3 

- 

NaNOj 

- 

- 1 

10-12 

- 

- 

- 

K 2 Cr 2 07 

| 

" 

- 


0,5 -0,8 



(*) Chat hoat dong be mSt 


Dung dich 1 tay dude cho ca kim loai den va kim loai mau; dung djeh 2 
tay cho dong, kem, nhom; dung dich 3 tay cho thep; dung dich 4, 5 va 6 tay 
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cho dong va hpp kim ddng. Tan so" dao dpng cua sieu am khoang 20 kHz go tac 
dung xam thiic manh nhat, nen thtfdng dung de tay cho cac vat tho, to va cac 
vat co hinh dang ddn gian. Nhung khi tay cho vat be lai co hinh thu phutc tap, 
co khe hep, 16 sau,... thi phai dung tan so' cao den 200 - 500 kHz. Cudng dp 
sieu am khi tay phai dat tut 1,5 den 2,5 W/cm 2 ; tan so'cang cao thi cUcfng do 
(cong suat) doi hoi cang thap. Thdi gian tly trong sieu am tut 2 -4 ph. Vat 
t5y khong nen chong chat hope che khuat l6n nhau. trong be tay, can dat gan 
va hudng chung ve phla nguon phat sieu am. Tuy yeu cau ma co thi tay sieu 
am 1, 2 hay 3 lan. Chat long tly phai dude dinh ky lam sach hope thay mdi. 

3.5. XAC DINH DO SACH SAU TAY DXu MO 

Co nhieu each danh gla do sach sau tay dau md : 

- Kinh hien vi : quan sat be mpt thut ditdi do phong dai tut 10 - 200 
15n, xac dinh kich tlnfdc va chieu day ldp ban d6u md; 

- Phan tich trong lifprig : dung giay loc tham sach dau md roi can va 
phan tich; 

- Phitdng phap huynh quang : chieu tia cute tim len be mpt da tay, 
chat ban dau md se phat huynh quang. Mute do sach dau md dupe danh gia qua 
cudng do phat quang va nhd do da che tao ra mot dung cu dien tut co kha nang 
kiem tra lien tuc dp sach cua vat tay dau md; 

- Phitdng phap ddn gian va tien ldi nhat la quan sat mang nitdc tren 
vat tay: neu nitdc tham itdt deu tren toan bo be mht la da t£y sach d6u md; 
neu cho nao con ddu md, mtdc se khong tham itdt mat kim loai ma co lai thanh 
giot. Han che cua each nay la neu dung djeh tdy co chat hoat dpng be mpt thi 
chung co the hap phu len ca kim loai lln mang dau md lam cho nitdc tham itdt 
moi ndi, ke ca mang dau md. Luc do phai quan sat that ky va phai ruta trong 
mtdc da axit hoa de loai bo chat hoat dong be mat hap phu tit dung dich kiem 
trifdc do. 

De danh gia dung chat litdng tay dau md can theo cac quy dinh sau : 

- Khong quan sat mang nude d cho nong hoac luong gio; 

- Vat edn thut, lay tit be riia ra, de nghieng 45° roi mdi quan sat; 

- Danh gia do sach trong mot pham vi khong ditdi 1 dm 2 . 
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Chtfdng 4 

TAY Gi HOA HOC VA BIEN HOA 

4.1. TAY Gi KIM LOAI DEN 


4.1.1 Tay gi hoa hoc 

Be mat. kim loai den thildng phu ldp gi gom (tit trong ra ngoai) FeO, 
Fe 3 0 4 , Fe 2 0 3 va cac hydroxyt cua sit (II) va (III). Tay hoa hoc de loai bo 
chung thudng dung axit loang H 2 S0 4 hoac HC1 hoac hdn hdp cua chung. 
Trong qua trinh thy gi, kim loai nen cung bj hoa tan va lam thoat khi hydro. 
Mite dp hoa tan nen nhieu hay ft tuy thupc ban chat axit, nong dp axit, nhipt 
do thy: 

HC1 chu yeu hoa tan cac oxyt. H 2 S0 4 chu yeu hoa tan sit nen va khi 
hydro thoat ra lam tdi ldp oxyt roi rdi ra. Tac dung gifta HC1 bang vdi gi va 
nen sit nhu sau : 


Fe 2 0 3 

+ 

6HC1 

= 2 FeCl 3 

+ 

3H 2 0 

Fe 3 0 4 

+ 

8 HC1 

= 2 FeCl 3 

+ 

FeCl 2 

FeO 

+ 

2 HC1 

= FeCl 2 

+ 

h 2 o 

Fe 

-f 

2HC1 

= FeCl 2 

+ 

h 2 t 

2FeCl 3 

+ 

h 2 

= 2 FeCl 2 

+ 

2HC1 

2 FeCl 3 

+ 

Fe 

= 3 FeCl 2 . 




Tac dung gifta H 2 SQ 4 bang vdi gi va nen sit nhu sau : 


Fe 2 G 3 + 3H 2 S0 4 
Fe 3 0 4 + 4 H 2 S0 4 

FeO + H 2 S0 4 
Fe + H 2 S0 4 

Fe 2 (S0 4 ) 3 + H 2 
2Fe 2 (S0 4 ) 3 + 2Fe 


Fe 2 (S0 4 ) 3 + 3 H 2 0 
Fe 2 (S0 4 ) 3 + FeS0 4 + 4 H 2 0 

FeS0 4 + H 2 0 

FeS0 4 + H 2 1 (uu tien) 

2FeS0 4 + H 2 S0 4 

6 FeS0 4 . 


Ndng do axit cho toe do tay nhanh nhat lh 20 -25% trong lifting (bang 
4.1), nhung de nen ft b) an mon chi nen dung ndng do difdi 20% trong lifting. 
Thcti gian thy se rut nghn khi tang nhiet do (bang 4.2). 


3 -»CNMD 
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Bang -i.l.Thcti gian tay gi d nhiet do thudng phu thuoc vao nong dd axit 


PhcSn 

trong 

u-Vng 

Thdi gian t£y, 
ph 

Phln 

trong 

litong 


trong 

HCI 

trong H 2 S0 4 

trong 

HCI 

trong H 2 S0 4 

mm 

90 

135 

0,20 

10 

85 


55 

135 

0,25 

9 

65 

0,10 

18 

120 

0.30 

- 

75 

0,15 

15 

90 

0,40 


95 


Bang 4.2. Thdi gian tay gi phu thuoc nhiet do 


Ph5n 

Thdi gian tay ( ph), 6 c£c nhi&t do 

trong 

18 °C 

40 °C 

60 °C 

[ 18 °C 

40 °C 

60 °C 

li/ang 

HCI ! 

j h 2 so 4 

0,05 

55 

15 


135 

45 

13 

0,10 

18 

6 

_ 

120 

32 

8 


Toe do t&y cua HC1 phu thupc chu yeu vao nong dp, con cua H 2 S0 4 phu 
thupc chu yeu vao nhiet do. Vi vay khong nen tay trong HC1 6 nhif t do cao 
hail 40 °C, tranh bo'c hdi HC1 d$c hai, sit tan nhieu lam nham be mat. T6t 
nhat dung HC1 nong do 150 - 200 g/1 va tay d nhiet do thudng. Nong dp sit 
trong dung dich H 2 SO., cang t&ng thi toe do tay cua no cang giam, trong khi 
do a dung dich HC1 toe dp tay lai co diem cUc dsn titng vdi nong dp sht trong 
dung dich la 16% trong lUdng. Nong do gidi han cac muoi sit dung djeh tay 
trinh bay trong bang 4.3 . 

Bang 4.3. Nong do toi da cua muo'i sat trong dung dich tay gi 


Mu6'i 
s£t (g/l) 

Ptu/ong phap tay 

nhung 

phun 

FeSO A 

150-180 

250 - 300 

FeClj 

200 - 220 

300 - 380 

Fe 3 (P0 4 )2 

20-25 

15-18 
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Uu diem cua tiy trong H 2 SO„ la re, khong bay hdi cho du dun nong 
den 100 °C, d6 thu hoi FeSO„ bang each giam nhiet do dung dich tay. Uu 
diem cua tay trong HC1 la khong phai dun nong dung dich, dtidc be mat trting, 
sach, nhin. 

Tay be mat gi nang : ldp gi day phai dung hon hdp H 2 SO„ + HC1 + 
NaCl. Tac dung cua NaCl la tang toe do tay gi, han che tay mon nen sit, giam 
do gion hydro. 

Tay be mat co ldp setn hay ldp gi day, hoac khong dUdc phep an mon 
nen. phai dung H 3 PO„ . Luc do vat phai dtidc rtia can than, sau do tay sd bo 
trong dung dich H ;j P0 4 1 - 2% nong khoang 0,3 - 0,5 ph roi mdi tiy trong 
dung dich HPO., 10 - 20% trong ltidng. 

Khi tiy gi, hydro thoat ra, mot phin tham vao kim loai gay gion hydro. 
Nhiet do tiy cang cao cang bi gion . Vi vay khong nen tay gi (nhat la 6 nhiet dp 
cao) cho vat manh, lam bang thep toi gia, cho 16 xo, nhip ,... De giam bdt gion 
hydro cho vat tiy, dung djeh thitdng cho them chat tic che, luc do hydro kho 
thoat ra nen be mat khong bi tiy qua mhc, dong thdi con tiet kiem dUdc axit, 

tranh hoc nhieu mu, giam dude dpc hai. 

Yeu cau doi vdi chat tic che dung trong tay gi la : khong lam giam cd 
ly tinh kim loai tay: khong lam giam toe do tiy gi, oxyt; khi dung djeh loang 
din va tich tu nhieu muoi sat chat tic che yin phai lam viec tot, hap phu kip 
thdi len vat tiy nhat la khi cin tay lien tuc va that nhanh cho kim loai (triidng 
hdp ma day, bang,...). Chat tic che co the la mot chat htiu cd ho6c hon hdp 
nhieu chit htiu cd vti thtidng dtidc cac nhi san xuat ma hoa thanh tin thtiting 
mai, nhting ttiu trung chung van chi la : cac loai nhtia, cac amin mach thing, 
cac din xuat vong thdm, cac hpp chit di vong, cac albumin, urotropin ,... 
Trong dung d|ch axit, chit tic che hip phu len anot hoic catot cua cac vi pin 
tren mat kim loai lam cho chung kem boat dong nen kim loai hoa tan cham 
hdn. 

Thanh phan dung d)ch va che do tay gi cho thep cacbon, thep hdp kim 
thap, thep hdp kim vtia va gang trinh bay trong bang 4.4. 

Sau khi tiy trong dung dich co H :1 P0 4 bao gid cung phai hoat hoa lai de loai bo 
het mang photphat. De tay het vet cat, xi tren cac vat due bang gang hay thep 
phai dung dung dich HF 3-4%, neu vat lai co ca vay gi thi phai them vao dung 
dich tren 10-15% H 2 S0 4 . 

Sau khi tiy, tren mat thep co the’ sinh ra mun den (nha't la tay trong 
H 2 S0 4 )de loai bo mun co thi lam theo mot trong cac each sau : 

- Nhung vao dung djcli HN0 3 die; 

- Nhung vao dung dich CrO R 250g/l + H 2 S0 4 3-5 gA; 

- Gia cong anot trong dung dich NaOH 60-100 gA va D a = 5-10 A/dm"; 
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- Nhung vao dung d|ch NaN0 2 200g/l trong 1-2 ph; sau d6 vao dung dich HC1 
1:1 trong 20-30 s. 


Gang 4.4. Dung dich tay gi hoa hoc cho thep va gang 


Thanh ph£n (g/1) 
va chfi do tay 

ThAp, 

gang 

Th6p, thep cSva 

Gang due 

Th6p 

1 

2 

3 

4 

5 

6 

H 2 SO* 

150-200 

. 




100-120 

HCI 

- 

120-200 

150-350 

200-250 

- 

- 

H 3 PO* 

- 

- 

- 

- 

120-160 

- 

Ch3t ut cho 1 

3-5 

40-50 


- 

- 

0,8-1,0 

Chat Lfc che 2 

3-5 

- 

- 

5-7 

- 

8-10 

Urotropin 

- 

- 

40-50 

- 

- 

- 

Nhietdp, °C 

40-80 

18-25 

15-45 

15-30 

60-70 

60-80 


Chu thich : - Thai gian t£y cho den khi het gi, oxyl 


- Dung d|ch 6 tay cho vat bang thep can d6 chinh xac cao 


Tay hoa hoc cho thep khong gi dung hon hdp cac axit co hoat tinh cao 
(HN0 5 , HC1, HF ) vdi nong dp die hetn, bdi vi be mat cua chung co letp thp 
dong rat ben vdng. Bang 4.5 trinh bay mpt so dung djeh tay thep khong gi. 

Bang 4.5. Dung dich tay thep khong gi 


Th^nh ph4n (g/1) 
va ch6 Bo tiy 

Dung dich so 

1 

2 

3 

4 

5 

6 

h 2 so 4 

_ 

_ 

_ 

80-110 


350-450 

HCI 

- 

- 

- 

- 

90-100 

70-90 

hno 3 

50-150 

350-400 

220-240 

70-200 

- 

70-90 

HF 

15-50 

15-25 

- 

15-50 

- 

- 

NaK 

- 

- 

20-25 

- 

- 

- 

NaN0 3 

- 

- 

- 

- 

- 

- 

NaCI 

- 


20-25 

- 

- 

- 

Cacbon sunfua 

- 

' ~ 

- 

1,0-1,6 

’ 

- 

Nhyof do, °C 

15-30 

15-30 

15-30 

15-30 

40-45 

40-45 

Thdi gian , ph 

- 60 

15-20 

~ 60 

-60 

10-15 

1-2 
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Cac dung dich 1- 4 de tay thep crom- niken va thep crom- niken- 
molipden, trong do dung dich 1 va 3 dung de 1km bd ldp oxyt sau khi gia cong 
nhiet va han cac loai thep tren. Dung djch 5 va 6 de tay thep crom.Dung dich 
sau cung co the tay thep khong gi d nhiet dp thUdng : H 2 S0 4 + Cr0 3 + HF moi 
thd 60g/l. Trong cac day chuyln ma lien tuc doi khi thep khong gi dupe tay 
theo hai bude lien tiep : bude dau trong dung dich H 2 S0 4 20 - 50% the tich, d 
65 - 82 °C, bade tiep theo trong hdn hpp H 2 S0 4 1% + HC1 0,1% the tlch, d 
nhiet do phong. 

De tdy ti/ng phdn hoac tay cho vat qua to khong cho vao be dupe, ngudi 
ta dung loai kem tay dac biet . Thanh phan cua chung tUdng tU nhu cac dung 
dich tay nhUng co them chat dpn (dat trich trung, dat a set nhe, amian vi 
du, mot loai kem co thanh phan sau : 

* ’ * * *3 


H 2 S0 4 (d 1,84) 

29 cm 3 

H 3 P0 4 (d 1,70) 

46 cm 3 

HC1 (d 1,19) 

356 cm 3 

Urotropin 

6g 

Kiem xenlulo sunfit (d 1,22) 

50 cm 3 

Amian nghien min 

400 g 

Nude 

590 cm 3 


Dung dao, bay, xeng trat kem tay len, de yen 1 - 6 h, sau dd rda 

sach. , „ 

Ldp vay gi day tren vat co hinh d$.ng phUc tap co the tay sach trong 

NaOH nong chay d 420 - 480 °C hope trong hdn hpp nong chay d 450 - 500 “C 

cua NaOH va NaN0 3 vdi ty le 3:1 trong 10 - 45 ph. 

De tang toe do tay cho moi trUdng hdp can rung, lie vat tay.hoac phun 
manh dung dich len vat tiy hay tay trong trUdng sieu km. Tay phun ting 
nang suat gap 5 - 7 lan lai it bi gion hydro hdn tay ngam. Goc phun (gifla tia 
dung dich va be mat tay) tit 45 - 90 °; toe dp tia dung dich 15-30 m/s doi vdi 
H 2 S0 4 va 20 - ap m/s doi vdi HC1. Toe dp tdy cang nhanh khi tdng toe dp tia 
dung dich, tang nhiet dp, ting goc phun. Toe dp tay phun nhanh hdn tay 
ngam gap 2,5-5 lkn trong H 2 S0 4 vk 5 - 10 lan trong HC1. 

Tay gi ket hdp dong thdi vdi tay dku m3 dupe ap dpng cho trUdng hpp 
vat dinh it dau m3. Thknh phkn dung djeh (bang 4.6) se phai cd ca axit lin 
chk't nhu hda. 

Dung dich 1-3 de tky kim lopi den, thdi gian t§iy 3-10 ph. Rieng dung 
dich 1 vk 2 dung di t£y rk't tot cho khu6n cd boi d£u bao quan. Dung dich 4 de 
tay cho nhdm trude khi anot hda. 
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Bang 4.6. Dung dich tay gi kei hdp v&i toy dau md 


Thanh phan (g/1) 
va che do tay 

Dung dich so 

1 

2 

3 

4 

h 3 po 4 

200-220 

200-220 

150-200 

- 

h 2 so 4 

100-120 

- 

- 

- 

HCI 


- 

150-180 

- 

NaOH 

- 


- 

10-30 

NaF 

- 


- 

40-60 

Na s P0 4 

- 

- 

- 

40-50 

Na2Si0 3 

- 


- 

4-6 

Sintanol DC-10 

10 12 

10-12 


- ' 

Urotropin 

- 

- 

30-40 

- 

Nhiet d6, °C 

50-60 

50-60 

20-30 

50-70 


4.1.2. Tay gi dien hoa 

Vat tay co the la anot hay catot. Khi tay anot , gi bi hoa tan dien hoa, dong 
thdi bi tcJi ra do tac dung ccf hoc cua khi oxy sinh ra tren vat tay : 

4 OH' - 4e -2 H 2 0 + 0 2 t . 

Dung dich la H 2 S0 4 hay HC1 vh luon co mat cac muoi sat. Catot bhng chi, hdp 
kim chi. Sau khi thy dupe be mat rat sach, hdi nham, tao dieu kien cho ldp ma 
ghn bam tot. Tay anot dien ra rat manh liet, nen khong dupe thy qua lau. Tay 
anot lau con co the tao thanh mang thu dong tren vat tay. Tay anot dupe dung 
cho thep cacbon, thep hdp kim thap va cho vat co hinh dang ddn gian. 

Tay catot se cd hydro sinh ra tren vat thy : 

H + + e = H; 

H + H -* H 2 1 

Nguyen tvt H se khit mot phhn oxyt thanh kim loai ; bot khi hydro lhm tdi 
ldp gi nen de bong ra. Dung dich lh axit hohc muoi , c6 dp dhn di$n cao; tot 
nhh't lh dung hon hpp HC1 vh H 2 S0 4 . Anot bhng chi, hpp kim Pb- Sb(6-10%) 
hay gang silic (20-24% Si). T^y catot chu yeu dimg cho thhp cacbon; khong 
dhng cho ken vh crom. Kh6ng n§n t£y catot quh lhu vi de bi gidn hydro. Dl 
tfity dupe deu khhp vh giam bdt gidn hydro thudng cho mpt it chc mufil thiec 
hay chi vho dung dich. Sn vh Pb bam len cho da t(£y speh lhm thng qua the 
thoat hydro nen lupng khi hydro sinh ra giam di rat nhieu. Ldp chi vh thiec 
tay bo rat de dang trong dung dich kiem tren anot. 

Mht dp dong dihn (D) trong tay anot hay catot nen dhng tr§n 5 A/dm 2 , 
viD cao tdc dp thy se 16n; tuy nhien tdc dp tay con phu thupc d6ng thdi vho ban 
chat vh trang thai ldp gi nil a. Bang 4.7 gidi thieu mot so" dung dich thy gi dipn 
hoa cho thep cacbon vh thep khong gi. 
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Dung djch 1-3 de tay anot, trong do dung dich 1 dung cho vat bi gi 
nang, dung dich 3 dung cho vat co hinh thu phdc tap, catot bang thep hope 
chi. Dung dich 4, 5 de tay catot, chu yeu dung cho vat bi oxy hoa do gia cong 
nhiet, can nong, han,..., anot bang gang silic (20-24% Si). Dung dich 6 tay 
bang dong xoay chieu, dien the 10-20 V. Dung dich 7, 8 cung dtldc dung de 
tay thep hdp kim. Thep khong gi con co the tay catot b nhiet dp phong trong 
cac dung dich H)S0 4 hay HC1 co ndng d<? tit 5-50% the tich. 

Bang 4.7. Dung dich tay gi dien hoa cho kim loai den 


Thanh ph5n 


Th6p cacbon 


Thep khfing gi 

(g/i) 









va che d6 tay 

1 

2 

3 

4 

5 

6 

7 

8 

h 2 so 4 

200- 


640 

100- 

50-60 

35-40 

80-100 

35-40 

250 



150 



* 


HCI 

_ 

8-10 

- 

- 

25-30 

- 

* 


hno 3 

h 3 po 4 

; 

- 

970 

- 

- 

25-30 

- 

45-55 

FeS0 4 .7 H 2 0 

1-2 

- 

- 

- 





NaCI 

20-25 

40 50 

- 

- 

15-20 




FeCl2.6 H 2 0 

- 

140 150 

- 

* 

- 

“ 

" 


Trietanolamin 

- 

- 

5-10 


" 

" 

♦ 


D, A/dm 2 

5-10 

5-10 

10-60 

3-10 

8-10 

5-10 

20-30 

5-6 

Nhiet do , ”C 

40-50 

18 35 

70-80 

40-50 

60-70 

15-20 

40-50 

30-40 

Thdigian, ph 

10-20 

5-10 

3-10 

10-15 

10-15 

5-10 

— 

5-10 

5-10 


Ngay nay hay dung muoi axit kho de tay gi hoa hoc hay dien hoa cho 
thep cacbon, thep khong gi va mpt so kim loai mau. Do la mpt hon hpp b dpng 
bpt kho cua H 2 SO„ vdi cac muoi (nhu NaHS0 4 ,...) vh cac chh't hoat dpng bi 
m£t, chat hoat h6a .... rat tipn lpi cho vipc sft dpng, ddng g6i vh chuyen chd. 

4.2, TAY GI KIM LOAI MAU 

4.2.1. Tay dong va hpp kim dong 

Tiy dong vh hpp kim dong diipc tien hinh trong H 2 S0 4 hay trong honhpp 
HNO a vdi H 2 S0 4 hay vdi HC1. Thucfng dupe t£y lhm hai bude : bude dau t£y sd 
bo cho het gi, bhn; bude sau tay bdng, nhiin,... H 2 S0 4 khong hoa tan dong 
nhifng hoa tan manh d6ng oxyt nen dupe dung de thy cho v|t da qua can, dp, 
u .... HN0 3 dac hay loang deu hoa tan manh dong vh sinh ra khi NO ho£c N0 2 




rat doc, xu hudng hien nay la dung cac h6n hop 66 it HN0 3 nhat dl giam bdt 
d6c hai. HC1 hoac NaCl trong hon hop thy lam tang d6 nhan, b6ng cho vat tay. 
Bang 4.8 gicti thieu m6t so' dung djch tay h6a hoc cho dong va hop kim dong. 
Dung dich 1, 2 de tay so b'6 cho vat da qua gia cong nhiet hohc da bao quan 
lau ngay. De thy md co the tien hanh lien tiep trong hai dung djch 3 va 4; 
hoac thy mot lan trong dung dich gom 200gA HN0 3 + 200g/l H 2 S0 4 + 2gA NaCl 
+ 2g/l ZnS0 4 .Dung djch 6 tay cho 16 xo, vat manh, co ren. Dung djch 7 tay 
cho vat co han thiec. Cac dung dich tvf 8 - 12 d! thy bong; thdi han su dung 
den khi nong do cac muoi trong cac dung dich ay tang den 200-250gA. Dung 
dich 8 con thy dtfcfc cho vat da qua gia cong nhiet va vat bang dong thanh 
berili. Cac dung dich 3, 4 va 12 difOc dung trong cac day chuyen ttf dpng. 


Bang 4.8. Dung dich tay hoa hoc cho dong va hop kim dong 


Thanh phSn (g/l) 

Dung dich s 6 j 

va che do tay 

1 

2 

3 

4 

5 

6 

HjSD* 

140-250 



500-900 


750-850 

HC! 

- 

300-450 

- 

- 


1-5 

NH 4 N0 3 hay NaN0 3 

- 

- 

600-800 

- 

- 

- 

h 3 po* 

- 

- 

- 

. - 

1300-1400 

- 

hno 3 

- 

- 

- 

- 

- 

60-70 

Nhi&tdo, °C 

50-60 

msm 

mSm 

15-30 

15-30 

15-30 

Thdi gian , s 

den sach 

mm 

■a 

10-30 

10-30 

5-10 

Thanh phhn (g/l) 

Dung djch s 6 

va che do tay 

7 

8 

9 

10 

11 

12 

HjSCu 




900-920 

1050-1100 


HCI 


- 

450-500 

- 

- 

- 

NH 4 NO 3 hay NaN0 3 


100-200 

- 

- 

260-290 


h 3 po 4 

830-850 

- 

- 

- 


935-950 

hno 3 


- 

- 

440-450 

- 

280-290 

ch 3 cooh 

260-265 

- 

- 

- 


250-260 

h 2 o 2 

90-110 

- 

- 

- 

- 

- 

NaOH 


400-650 

- 

- 


- 

NaCl 


- 

- 

5-10 

- 

- 

Tioure 


- 

- 

- 

- 

0.2-0.3 

NhiSt d 6 , °C 

15-25 

130-145 

15-30 

15-30 

15-30 

15-30 

Thdi gian , 8 

0,5-1,5 

20-40 ph 

30-60 

< 10 

< 10 

0,5-1,5 


. Khi tay h<?p kim dong trong cac hon hqfp tren cin lifu y : thng HN0 3 , 
d6ng se tan nhanh trong khi k§m khong thay doi nen sau khi tliy dong thau se 
trhng ra. Thng HC1, kem se tan nhanh trong khi dong khong thay doi, ket 


40 



























qua dong thau tdy xong se do len. Tang H 2 S0 4 len den 500 g/1 ca dong va kem 
deu tan nhanh nhu nhau. Con t4ng nhiet dg thi toe dg tan cua dong se t£ng 
nhanh. Noi chung nen t&y d nhiet do thifdng, va tay trong thiet bj kin co trang 
bi hut khi, hdi va mu axit, dam bao an toan lao dgng. 

Vat trade khi tay phai lam sach ddu m3, say kho de tranh lam loang 
dung dich tay. Sau khi tay sd bo can phai rifa can than say kho roi mdi dua 
vao dung dich tay nhln, bdng; sau do lai phai rha ky dudi giong nude. 

4.2.2. Tay nhom va hdp kim nhom 

Tay nhom va hdp kim nhom dUdc tien hanh trong dung dich kiem. Sau 
khi tay, rda, dUdc trung hoa va lam sang trong dung dich HN0 3 15-20% d 
nhiet do thudng. Cac dung dich tay nhom dude gidi thigu trong bang 4.9. 

Bang 4.9. Dung dich tay hoa hoc nhom vd hop kim nhom 


Thanh phan 

(g/i) 

va che do tay 

Dung djeh so 

1 

2 

3 

4 

5 

NaOH 

50-150 


. 

125-150 

. 

HF 

- 

80-140 

- 

- 

- 

hno 3 

- 

450-680 

- 

i 

- 

H 3 PO 4 

- 

- 

80-100 

- 

- 

K 2 SiF 6 

- 

- 

4-6 

- 

- 

NaCI 

- 

- 

- 

25-35 

- 

HCI 

- 

- 

- 

- 

10-20 

NhiStdo, °C 

45-80 

15-30 

15-30 

50-60 

13-18 

Thai gian , ph 

<1,5 

<3.0 

<10 

0,5-1,0 

6-60 


Dung dich 1 dung cho nhom bien dang, h<?p kim due. Dung dich 2 dung tay 
sang cho hdp kim silumin. Dung dich 3 dung cho vat cd mo'i him. Dung dich 4 
de lam md cho hgp kim nhom vdi dong, mangan, mage. Dung dich 5 de lam md 
cho cac loai dura. 

4.2.3. Tay h^p kim mage dung dung dich cd thknh phin (g/1) v4 ch§ dg tfiy 
sau : 


HNO3 

90-100 

K 2 Cr 2 0 7 

4-6 

HCI 

3-5 

Nhiet do, °C 

18-25 

Thdi gian, ph 

10-20 
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4.2.4. Tay kem va cadimi tien hanh trong cac dung djch H 2 S0 4 va HC1 (50 
- 200 g/1 hodc loang hdn) d nhipt dp thifdng, trong thdi gian khong qua 1 ph. 
Tay mhu tr§n kem vh cadimi rat tot trong hon hpp H 2 S0 4 (1,84) 1 phln the 
tich + HNO s (1,4) 3 phan the tich. Neu chi can tay ldp kem oxyt thi dung 
dung dich NaCl 5%. Tay sang cho kem bdng dung djch HN0 3 (1,42) 2-8 ml/1 d 
nhiet do thuimg. 

4.2.5. Tay chi trong dung djch HN0 3 50 -100 g/L Cung co the tay nh&n chi trong 
dung dich gom H 2 0 2 (30%) 3,5% the tich + CH 3 COOH (1,05) 3,5% the tich. 

4.2.6. Tay thi£c trong dung dich HC1 50 - 100 g/1. 

4.2.7. Tay titan trong cac dung dich ke c( bang 4.10 . Dung dich 1 tay sach 
titan oxyt trudc khi ma dong pyrophotphat len. Dung dich 2 tay sach titan 
trifdc khi dem oxy hoa anot; tay d nhiet do thifdng trong 0,5 ph. Dung dich 3 
thy rat tot ldp oxyt tren titan can, dat; tay d nhiet do thifdng trong 3-5 ph. 
Dung dkh 4 tay sach cho titan. 

Bang 4.10 . Dung dich tdy mang oxyt cua titan 


Thanh phan 
(9/!) 

Dung dich sd 

1 

2 

3 

4 

HF (40%) 

10 ml 

40-50 g/1 

2 % the tich 


h 2 so 4 

15 ml 

- 


- 

HCI 

- 

- 


60 g /1 

NaF 

- 

- 


27 g/1 

NaCl 

- 

- 


21 g/l 

HNO 3 (1,4) 

- 

160-180 g /1 

20 % th£ tich 

- 

h 2 o 

90 ml 


78% th$ tich 



4.2.8. T^y hdp kim niken-crom, constantan, monel metal trong dung 
dich H 2 S0 4 20% c6 them php gia Cr 2 0 3 , hay Na 2 Cr0 4 (20g/l) ho$c Fe 2 (S0 4 ) 3 d 
60 - 80 °C. 


4.2.9. Tay ken va monel metal trong dung djch gom : 60% the tich H 3 P0 4 
(1,70) + 20% the tich H 2 S0 4 (1,84) + 20% the tich HN0 3 (1,42) , tay d 80 °C 
trong 1 - 3 ph , toe dp tay 2,5 - 7,5 pm/ph. Cho be mat nhfin, bong. 
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4.2.10. Tay cho melkhor ( hop kim Ni-Cu) trong dung djch H 2 S0 4 100g/l + 

K 2 Cr 2 0 7 15g/l. Cung co the tay trong H 2 S0 4 20% or 80 °C ; sau do muon co be 
mat nhhn hern hay tay tiep trong dung djch gom : HN0 3 (1,42) 210 ml/1 + 

HC1 (1,14) 170 ml/1 + NaCI 1 - 15 g + ZnS0 4 1 - 1,4 g ; tang hstm luung 
rnuoi kem se be mht mcr. 

4.2.11. T^y cho bac’ dung dung djch g6m NaCN 15 g/1 + H 2 0 2 (30%) 85 ml/1 
cr nhidt dp khong qua 30 °C. 

43. HOAT HOA MAT KIM LOAI 

Bang 4.11. Dung dich hoat hoa hoa hoc vd diin hoa 


Thanh phan 

Thep, 




06ng, 

Thdp,d6ng 

(g/l) va 

kdn 


fhep 


hop kim ddng 

cd vay hdn 

che do hoal hoa 

hoat h6a h6a hoc 

hoat hoa <Jien hoa 

h6a hoc 

didn hoa 

hoa hoc 


1 

2 

3 

4 

5 

6 

7 

H2SO< 

50-100 


700-800 

750±50 


. 

. 

HCI 

- 

50-100 

- 

- 

- 

- 

<Mc(1.19) 

KCN 

- 

- 

- 

- 

30-40 

30-40 

- 

K 2 C0 3 

- 

- 

- 

- 

- 

20-30 

- 

K 2 Cr 2 0 7 

- 

- 

20-30 

- 

- 

- 

- 

Nhiet do °C 

phdng 

ph6ng 

phdng 

phdng 

phong 

phdng 

phdng 

D. , A/dm 2 

- 

- 

5-10 

5-10 

- 

3-5 

- 

V , v6n 

- 

- 

10-12 

10-12 


- 

- 

Th6i gian , s 

30-60 

30-60 

3-5 

30-60 

5-10 

20-30 

— 

Den sach 

Thanh phan 

Kem v& hop kim 

Nhdm vd hop kim 

Kdn 

Thdp khdng 

(g/i) 

kem 

nhdm 


_ 

9' 

chP 

hoat h6a h6a hoc 

dp hoat h6a 

e 

9 

10 

11 

12 

13 

14 

h 2 so 4 

30-50 





— 


HCI 

“ 

30-50 

- 

30-50 

0,2 

300-350 

50-100 

KCN 

- 

- 

50-100 

- 

- 

- 

- 

HNO 3 

_ 

- 

- 

- 

28-38 

- 

- 

CH 3 COOH 

' 

- 

- 

- 

50-58 

- 

- 

Urotropin 

- 

- 

- 

- 

- 


40-50 

Nhidtdd, °C 

phdng 

phong 

40-60 

phdng 

phdng 

phdng 

phdng 

Thdi gian , s 

3-10 

3-10 

3-10 

3-5 

15-30 

30-60 

1-2 ph 
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Hoat hda be mat kim loai la lam mat di ldp oxyt cdc ky mong, mit 
khong nhin thay, sink ra ngay trong qua trinh gia cong tai xU&ng ma : danh 
b6ng, tiy dbu.md, rda, van ctniyen Khi hoat hoa, ldp kim loai ngoai cung 
cung dupe tay nhe lam 1 q ro cau true cua kim loai nen, giup cho ldp ma bam 
chic hem. Chi hoat hoa ngay trade luc nhung vat vao be ma. Co the hoat hda 
hoa hoc hay dien hoa . Hoat hoa dipn hoa tien hanh tren anot; vat lieu catot 
bing chi neu dung dich la axit, va bing thep neu dung dich lb kiem. Vat bbng 
thep trade khi ma ken tot nhat la hoat hda dipn hda. Dung dich hoat hda dupe 
gidi thieu trong bang 4.11. Dung dich 1 va 2 cung co the tay cho ldp ma dong, 
ldp ma ken, vat bing dong va hpp kim dong, nhung phai pha thanh be rieng, 
khong tay chung be vdi sat thep. Dung dich 4 dung cho thep trade khi ma ken 
se lam tang do gin bam len rat nhieu. Dung dich 8 va 9 co the giam nong dp 
den 10-15 gA va keo dai thdi gian tiy den 15-30 s neu thay can . 

4.4. TH<J D0NG TAM THCJl 

Vat bing thep sau khi tiy gi xong chua kip gia cong tiep (mai, danh 
bong ,...) rat mail bi gi lai trong khong khi . De tranh tinh trang nay can thu 
dong tarn thdi chung trong dung dich (gA) . NaN0 2 5-10 + Na 2 C0 3 2-4 d 
65 - 75 °C trong 0,5-1 ph. 

Vat bing thep hdp kim thu dong tam thdi trong dung dich HN0 3 (1,4) 
300-500 gA : vat bing thep crom trong dung dich HN0 3 (1,4) 270-280 gA , ca 
hai deu tien hanh d nhiet do 24 - 55 °C trong 15 - 20 ph. 

4.5. RtiA VA Nl/fiC RITA 

Xudng ma can rat nhieu nUdc de rda trong suot qua trinh cong nghp 
nhim tranh lbn hoa chat tif be nay theo vat gia cong sang bi khac, nhim lbm 
sach be mbt nen de tbng dp gin bam cua ldp ma, nhim loai bo hit hda chit 
khoi san phim d bade cuo'i cung de dam bao ve dpp va do ben cho hang hda 
lbm ra ,... Binh thadng phai can den 2 m 3 nUdc cho 1 m 2 be m$t gia cong. Do dd 
ting lupng nadc tieu thu se rat ldn, dong thdi lupng nUdc thai mang nhieu hda 
chit dpc hai cin xd If cung khong nho. De ting hidu qua cua vi§c rda d6ng 
thdi tiet kiem nvfdc din mdc tii da ngadi ta da sang tao ra nhieu phUdng phbp 
rda khac nhau, nhd dd lUpngnUdc rda tieu ton cd the chi cin 0,2-0,4 m 3 / m 2 . 
Sau day lb nhdng each rda dang dupe sd dpng : 

- Rita nhung tinh : Vat nhung vao mpt hay nhieu be rda dung nadc 
khong chay. Cach nay ton nhieu nUdc va hieu qua rda khong cao. 
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- Riia nhung co niidc chay tran lien tuc trong mpt hay nhieu be rita 
dpc lap. Thich hop cho vat riia c6 nhieu khe, ranh, 16 sau .... Thdigian rita thu 
cong khong it hdn 6 s, rita trong thiet bj tu dong khong it hdn 20 s. 

- Rita ngitOc chieu ; Be rita c6 2 hay 3 ng&n, nude sqch chi cap vho b 
ngan dau roi tu chay tran tit dudi len (theo ong hay vach dan) sang ng&n 2, roi 
cung nhu vay sang ngan 3 , cuoi cung thai ra ranh. Mite nude mdi ng&n chenh 
nhau khong chap hdn 3 cm. Vat riia lan lUdt dua vao ngan 3, sang ngin 2, cuoi 
cung ngan 1 (nude sach). Cach nay tiet kiem kha nhieu nude (giam dude 4-5 
lan) ma hieu qua riia cung cao. 

- Riia sue khi : Dung khong khi nen da khu ddu sue vho be ruta chay 
tran de rita san pham. Litdng khi sue : 0,2 1/ph cho 1 lit nude rita. Hieu qua 
riia tang len rat nhieu; nhUng khong dung dude cho vat d6 rdi khoi khung treo 
hay vat de bi oxyt hoa,... 

Rita phun : Dap chan de md khoa cho nude phun manh thanh 
nhieu chum tia nho bin vao vat can rita dat trong be can. Co the rita phun 
nude nong hoac nude thudng. Cach rita tien tien nay rat hieu qua, rat sach ma 
lai ton it nude. Rat thich hdp cho vat ddn gian, dang tam, la phlng. 

- Rita lien hefp : Luc dau riia nhung tran cho vat d phan dUdi cua be, 
sau do dua len phan tren ciia be de riia phun tiep cho vat. Nude rita phun xong 
rdi xuong phan rita nhung tran d dudi. Sue khi d phan nude rita nhung. Cach 
nay thich hdp de rita cac loai ohg, 16 xo ,... 

- Riia ngUng ; Vat rita dat trong buong kin nap day hdi nude, hdi 
ngung tu len be mat vat can rita va cuon di mang dung dich bam theo chung 
tit be trude do. Cach nay rat tien tien, rat sach, it ton nude, di thu hoi hoa chat 
va xit ly nude thai, thich hdp cho ndi nho hiem nude. 

- Riia sieu am : Be nude hay dung moi rita ditdc dat trong trUdng 
sieu am de rita cho cac vat co yeu ciu dac biet. 

Ngoai ra tuy trUdng hdp cu the ma phai rita bang nude nong (VO- 
90 °C), nude am (40-50 °C) hay nude thudng de dat hieu qua cao nhat, hdp ly 


va tiet kiem nhat. 

Sau cac be ma crom, ma kim loai quy, ma nong,... n&n co be rita thu hoi 
de dung lai dong thdi giam nhe cho khau xit ly nude thai. 

Be rita bang thep, nhua ,... phia tren phai co khe chay tran cho vang 
ban thoat ra, phia day co ong thao kiet . Ong cap nude vao co van dieu chinh 
toe do chay. Be rita ldn nen co sue khi nen. The’ tich be-rita 1 lan, it nhat 
phai bang the tich nude rita trong lh tai be ay; neu rita nhieu lan thi the tich 
bfe nho hdn. 
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De tiet kipm nude, giam bdt khoi liidng nude thai phai xd ly, bao ve tot 
moi trUcing ngudi ta thudng dung he thong rUa tuan hoan lien tuc, trong d6 
nhd cac may khd dau m3, may loc da cho phdp sd dung lai 50 - 80% mtdc rda. 

Nude dung trong xudng ma co hai loai : nude rda va nude pha che, 
bo sung dung dich. Nude rda co the dung nude may thanh pho ho4c nude td 
khai thac, nhung phai dam bao do edng phai khong qua 1,8 .10 3 N . Bdi vi 
nude iSn nhieu mud! khoang se tao thanh tren mat vat rda mang muoi kho 
tan; nude edng se tao thanh mang bam chic len be m&t rat kho rda spell. De 
co chat ludhg cao doi khi phai rda bang nude da lam sach bang each trao doi 
ion cho cac khau rda sau thy dau md, thy gi, hoat hoa,... va sau khi ma dong, 
kem, cadimi td dung dich xyanua, cung nhu rda trude khi say kho. Vai vl du 
cho thay tac hai cua nude khong du do sach ; nude co hefn 3g/l S0 4 se 14m 
giam tac dung tay dau md td 93 xuong 75% ; nude co dong thdi ca S0 4 2 ' va 
Fe if tac dung tay dau m3 rat kem .... 

Nude pha che va bo sung dung dich phai khd het muoi khoang b4ng 
each chung cat hoac laid sach bhng each cho nude qua cac cot trao doi ion. 
Dung dich thu hoi dung de bo sung vao be hang ngay ho4c de pha che dung 
dich mdi. 
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Chufofng 5 

TAY BONG HOA HOC VA DIEN HOA 

■ • 

Tay bong h6a hoc va dien hoa ditdc dung rong rai de lam bong, dpp cho 
thep khong gi, nhom va hpp kim nhom, ddng va hpp kim dong, ken, monel 
metal, cac Idp ma ,... Nhitng kinh te nhat la dung cho th6p khong gi, nhom va 
hdp kim nh6m, hop kim dong. 

Thy bong hoa hoc va dien hoa co the nang thhm dp bong be mht len 1 - 
2 cap. D§ co be mat. bong phildng phap cO hoc phai bao mon het cac nham vi 
mo lan vi mo, trong khi tay bong hoa hoc va dipn hoa chi can san bang cac 
nham vi mo la du, the la tao ditdc d6 bong ngay tren be mht map mo, khong 
nhhn, phhng. 

T&y bong hoa hoc khong can den nguon dien mpt chieu, khung treo 
tiep dien, tay bong deu cho vat co hinh dang phhc tap v6i moi kich thitde. 
Nhitng dung djeh thy b6ng hoa hoc dung khong dude lau, khd dieu chinh vh tai 
sinh; cho dp bong khong cao bhng thy b6ng dien hoa; thifdng phai tien hhnh d 
nhiet dp cao va doi khi thai nhieu khi doc hai (NO, N0 2 ,...). 

Bang 5.1. Dung dich tay bong hoa hoc cho thep, dong va. ken 


Thanh phan (g/l) 
va che da tay 

Thep, thep hop kim 

Dong , hop kim dong 

Tay b6ng k4n 

1 

2 

3 

4 

5 

6 

h 3 po. 

1 

- 

935-950 

1300-1400 

170 

- 

h 2 so 4 

- 

350-430 

- 

- 

180 

- 

hno 3 

- 

35-50 

280-290 

- 

420 

420 

HCI 

- 

20-40 

J - 

- 

- 

6 

CH 3 COOH 

- 

- 

250-260 

- 

500 

735 

h 3 po 3 

0,2 

- 

- • 

- 

- 

- 

Chat mau 2J 

- 

20-25 


- 

- 

- 

KNO 3 

- 

- 

- 

450-500 

- 

- 

KMnO* 

2 

- 

- 

- 

- 

- 

CKD 3 

10 

- 

- 

- 

- 

- 

Na 2 Si 03 

2 

- 


- 

- 

- 

NaCI 

4 



- 

- 

- 

Nhiet da, °C 

100-105 

65-75 

phbng 

90-100 

80-90 

75-80 

Thai gian, ph. 

2-5 

2-10 

1-6 

0,5-2 

1-2 

0,5-1 
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Tay bong dien hoa cho do bong cao dong thdi con cai thien dude tinh 
chat hoa ly cho kim loai nuta : tang he so phan quang, giam he so' ma sat, kho 
bien dang deo hdn, tang do tii tham cho mot so vat lieu feromangan, khic phuc 
hi$n tUdng phat xa lanh, tang tinh chin an mon .... Tay bong dien h6a du0c 
ting dung de : chuan bi nen trade khi inq, tay bong cho chinh ldp ma, chinh 
dung lai klch thadc cho chi tiet may hdi to, loai bo ba via, mai she dau kim, 
chuin bi mlu kim ttidng ,... De tay bong dien hoa dat chat ludng cao nen gia 
cong cd hoc trade that ky, bdi vi cac khuyet tat rat nho, khong nhin thay, sau 
khi tay bong di$n hoa d§ hien ro tren m&t kim loai. 

Thanh phan dung dich vi che do tay bong hoa hoc va di$n hoa cho cac 
kim loai va hop kim dude gidi thieu trong cac bang 5.1, 5.2, 5.3, 5.4. 

Trong bang 5.1 : dung djeh 1 thy bong hoa hoc cho thep cacbon. Dung 
dich 2 tay bong thep khong gi. Dung djeh 3 cho dong vi hdp kim dong . Dung 
d;ch 4 cho dong vi hdp kim dong , ke ca hdp kim berili. Dung djeh 5 vi 6 cho 
ken. 

Bang 5.2. Dung dich tay hong hoa hoc nhorn va hop kim nhom 


Thanh phin (g/l) 



Dung dich s<5 


va che d6 tay 

1 

2 

3 

4 

5 

h 3 po„ 

1300-1400 

1500-1600 

1500-1600 

840-860 

70% trong li/gng 

h 2 so 4 

200-250 

- 

- 

' 

22 % trong h/Ong 

HNOj 

110 150 

60-80 

- 

- 

* 

Cacboxymetyl 

0,8 

- 

- 

- 

- 

cenluloza natri 

nh 4 no 3 



85-100 



(COOH)2.2 HjO 

- 

- 

- 

45-55 

- 

h 3 bo 3 

- 

- 

- 

- 

8 % trong lifgng 

Nhiet do, °C 

100-110 

65-75 

95-100 

60-80 

90-95 

Thdi gian , ph 

2,5-4 

<5 

<5 

< 1 

3-8 


Trong bang 5.2 , dung dich 1 dung cho nhom sach vi hdp kim AI-Mg5; 
dung djeh 2, 3 cho hdp kim Al-Mg; dung dich 4 cho hdp kim Al-Cu, Al-Mg, 
Al-Mn bien dang; dung dich 5 cho nhom sach. 

Trong bang 5,3 ; dung dich 1 tay bong van ning cho moi loai thdp; 
dung dich 2 vi 3 cho thep khong gi austanit. Catot cho ba dung dich nay 
bang thep khong gi hoac bang chi. Tay bong dien hoa cho thep dung pho bien 
hdn tay hoa hoc. Dung dich 4 va 5 tay bong dien hoa cho dong vi h<?p kim 
dong, dung dkh 4 dung catot bing thep khong gi, nhom. Dung dich 5 cho do 
bong cao, catot bang ddng hay chi. 
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Bang 5.3. Dung dich t&y bong dien hoa cho thep va dong 


Thanh phan (g/1) 
va cha do tay 

Th 6 p, th 6 p khong gl 

06rvg va hap kim d 6 ng 

1 

p. 2 

3 

4 

5 

h 3 po 4 

500-1100 

950-1050 

750-900 

730-830 

850-900 

0rO 3 

30-80 

- 

- 

- 

100-150 

H 2 SO 4 

250-550 

150-300 

580-725 

580-640 

- 

Triatanolamin 

- 

- 

4-6 

4-6 

- 

Catapin 

- 

- 

0,5-1,0 

0,5- 1,0 

- 

Ty trong dd, g/cm 3 

1,63-1,72 

- 1,62 

. 

- 

1,60-1,61 

Nhiet do, °C 

60-80 

60-80 

60-80 

60-80 

30-40 

O a , A/dm 2 

15-80 

10-100 

20-50 

20-50 

20-50 

Thai gian , ph. 

1-10 

1-5 

3-5 

_:_ 

3-5 

0,5 5.0 


Trong bang 5.4 : dung dich 1 dung cho vat bang nhom va h<?p kim co 
do chinh xac cap 2 va 3. Dung dich 2 cho hop kim AI-Mg va dura. Catot cho 
hai dung dich tren bhng thep khong gi hodc bang nhom. Dung djch 3 cho hop 
kim cao silic. Dung dich 4 va 5 cho hop kim nhom co nhieu nguyen to' hop kim, 
gia re nhUng cho do bong co han, catot bang thep khong gi. 

Bang 5.4. Dung dich tay bong dien hoa cho nhom va hap kim nhom 


Thanh phan (g/I) 
va che do tay 

Dung djch s6 

1 

2 

3 

4 

5 

H 3 PO 4 

1460-1480 




' 

_ 

Cr0 3 

160-185 

- 

- 

- 

- 

HF 

- 

- 

13% (*) 

- 

- 

Glyxerin 

- 

- 

54% (*) 

- 


H 2 0 

- 

- 

33%C) 

- 


Na 3 P0 4 .12H 2 0 

- 

250-380 

- 

150-200 

320-350 

Na 2 CO 3 .10H 2 O 

- 

180-300 

- 

- 

230-250 

NaOH 

- 

- 

. 

10-20 

- 

KAI(S0 4 ) 2 .12H 3 0 

- 

- 

- 

40-60 

2 

Sorbit 


20-50 

- 

- 

- 

Ty trong, g/cm 3 

1,72-1,74 

- 

- 

- 

- 

' Nhiet do °C 

60 80 

80-90 

20-25 

-65-90 

80-85 

D s A/dm 2 

20-150 

4 

20 

2-4 

26 

Thai gian , ph. 

0,5-15 

-10 

10-15 

5-13 

10 20 


(*) % trong luong. 


4 -CNMD 
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Chtfdng 6 

KHAI NIEM CO BAN VE MA DIEN 

m m m 

6.1. CO SO CHUNG 

Ma dien dddc dung trong nhieu nganh cong ngh# khac nhau de cho'ng in 
mon, phuc hoi kich thtidc, trang site, chong mon, ting cting, phan quang va 
nhiet, din dien, tham dau, di han, din nhietVe nguyen tic, vat li$u nen 
co the la kim loai ho&c hdp kim, doi khi con la chat deo, go'm sti hoic composit. 
Ldp ma cung vay, ngoai kim. loai va hop kim ra n6 con co the la compoist cua 
kim loai - chat deo ho&c kim loai - gom ,... Tuy nhien chon vat lieu nen va ma 
nAo con tuy thuoc vao trinh dg va ning ltic cong nghp, vao tmh chat cin c6 d 
ldp ma va vao gia thanh. Xu htidng chung la dung vat lieu nen re, sin; convit 
lieu ma dit, quy hiem hdn, nhdng chi la ldp mong bin ngoai . 

Ma dien la qua trinh dien ket tua kim loai len be mit nen mot ldp phu co 
nhting tfnh chit cd, ty, hoa dap ting dtidc cac yeu cau mong mudn. Tuy 
nhien chi nhting cong nghe ma nao that on djnh trong thdi gian dai de luon cho 
san pham co tlnh chit nhti nhau mdi dtipc dung vao quy mo san xuat. 



Catot 2 
Ltfp ma 
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Mat khac, khi co cong nghp mat tot roi, vdn phai luon duy tri dung cac dieu ki$n 
van hanh, bdi vi moi bie'n dong ve' nong dp, ve mat dp dong dipn, nhi#t dp, che' dp 
thuy dong.... vupt qua gidi ban cho ph6p deu lam thay dol tinh chat IPp mp v a c6 
thl se khong dat yeu cau nPa. 

Cac ph£n chinh ciia mot bO ma dipn (binh 6.1) gom : 

1- Dung dich ma gom co much dbn dipn, ion kirn loai se ket tua thanh 
16p ma, chat dpm, cac phu gia; 

2 - Catot dan dipn, chinh la vpt can dupe ma; 

3- Anot dan dipn, co the tan hoac khong tan; 

4- Be chPa bang thep, thep lot caosu, polypropylen, polyvinylclorua, 
chiu dupe dung djeh ma; 

5- Nguon dipn mpt chieu, thUdng dung chinh luu . 

Ion kim lopi M"‘ trong dung dich den be rn^Lt catot (vat ma) thpc hipn 
phan Ung tong quat sau de thanh kim loai M ket tua len vpt ma : 

M n+ + ne ->• M . (6.1) 

M n+ co the d dang ion ddn hydrat hoa, Vi dp, Ni 2+ .nH 2 0 , hope d dang 
ion phPc, Vi du, [Au(CN) 2 ]'. 

Anot thUdng IP kim loai cung lopi veti ldp ma, khi do phan Png anot 
chinh la sp hoa tan no thanh ion M n+ di vPo dung djeh : 

M - ne -> M n+ . (6.2) 

Neu khong che cac dieu kipn dipn phan nhu the nho do de cho hipu 
suat dong dien cua hai phan Png (6.1) va (6.2) bang nhau thi nong do ion M n+ 
trong dung djeh se luon khong doi. Mpt so trUdng hpp phai dung anot trd 
(khong tan), nen ion kim loai dupe dinh bo sung 6 dang muoi vao dung djeh, 
luc do phan Png chinh tren anot chi la giai phong oxy. 

De cho qua trinh ma dupe thanh cong phai : gia cong dung ky thuat 
cho catot, chon dung vat lipu anot, thanh phan dung djeh ma, mat dp dong 
dien va cac dieu kien dipn phan khac. Sau day lan lupt nghien cPu v4n tat tat 
ca cac yeu to do. 

C6 the chon dung trong so" cac chung loai 16p ma sau : 

1- Lop ma kim loai: Zn, Cd, Sn, Cu, Ni, Cr, Pb, Ag, Au, va Pt; 

2- L6p ma hpp kim : Cu-Ni, Cu-Sn, Pb-Sn, Sn-Ni, Ni-Co, Ni-Cr va Ni-Fe; 

3- L6p ma composit: la IPp ma kim loai co chPa cac hat rhn nho vk phan tan, 
nhu A1 2 0 3 , WC, SiC, Cr 3 C 2 , Ti0 2 , Si0 2 , TiC, Cr 3 N 2 , MoS 2 , kim cuong, 
graphit,... Cac hat nay co dudng kinh 0,5-5 pm va chiem 2 - 10% the tich dung 
djeh; khuay manh trong khi ma de chung bam co hoc, h6a hoc hay dipn h6a 
len catot roi lin vao IPp mg. 

Khoi lupng kim loai m dipn ket tua len dien tich S co the tinh dpa theo 
dinh luat dipn phan Faraday : 
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(6.3) 


m = S.D c .t.H.C, g, 
trong d6 S - difen tich ma, dm 2 ; 

D c - mat dp dong dipn catot, A/dm 2 ; 
t - thdi gian ma, h; 

H - hipu suat dong dipn, % ; 

C - diftfng lupng dipn h6a cua ion kim logi ma, g/Ah. 

Mpt s 6 kim loai cho nhieu ion hda tri khac nhau nen c6 gia tri C tUdng 
ling khac nhau. Vi dp, d6ng tit dung dich axit, ton tai 0 dang mudi ddn, ion 
dfeng c6 h6a tri +2, nfen C tucfng iing Id 1,186 g/Ah; trong khi d6ng tit dung 
dich xyanua kiem, t6n tg.i d dang mudi phitc, ion dong co hda tri +1. nen C 
titdng ting lai la 2,372 g/Ah. Vi v&y cimg mpt liiqtng difen dupe dting cho phan 
ting ket tua thi ion kim loai n&o c6 trying thai oxy h6a thap se ma nhanh hdn. 

Hipu suat dong dipn H phu thuoc rat nhieu vao titng loai dung dich 
ma. Da so dung dich mg c6 0,9 < H < 1. Rieng ma crom tit dung dich CrO^ 
cho H rat thap , thtidng 1& 0,05 < H < 0,20. Phan itng phu hay gpp nhat tren 
catot la sti ph6ng dien cua ion H + de giai phong hydro. 

Tit (6.3) co the suy ra each tinh tdc do ma (Sit.) hay chieu day ldp mg 
(5) . Vi du, chieu day ldp mg 6 se tinh nhit sau : 

5 = 100 Drt.C.H/y , pm , (6.4) 

trong do 8 - chifeu d&y trung binh cua ldp mg, pm; 

y - trong lifting rieng kim logi mg, g/cm 3 ; 

D c - mat dg dong dien, A/dm 2 ; 
t - thdi gian mg, h; 

C - dUdng ludng dien hda kim logi mg, gl Ah; 

H - hipu su&'t dong dipn, % . 

Chat lupng cua ldp mg php thupc dong thdi va tong hpp v&o nhieu yeu 
to nhit: nong do dung dich va tgp chat; cac phu gia bong, san b&ng, tha'm Udt; 
do pH, nhifet dp, mgt dp dong dipn; hinh dgng cua vat mg, cua anot, cua be 
mg ; va che' do thuy dpng cua dung dich,... Vi vgy muon dieu khien chat lupng 
ldp mg phai khong che dong thdi ca dung dich ma lan each thtic ma . ^Nhitng 
quan trong nhat v&n la dai m&t do dong dien thick hdp ; trong dai do se cho 
ldp mg dat chat lupng tot : bdng, khong gai. nham, cau true dong deu ,... De 
danh gia mot dung dich mg tot xau *den dau phai lam thi nghipm so sanh 
trong nhting binh thti quy dinh sin, thong dung nhat la binh Hull (hinh 6.2a). 

Catot nghieng trong binh Hull cho phfep lam thay doi m&t dp dong di|n 
tti nho den ldn ngay trfen 1 catot trong 1 Jin thi nghipm. Dong dipn khong doi 
I vao binh lay trong khoang tit 2 dfen 5 A, rifeng vdi mg crom vi cac qua trinh 
mg nhanh dung 10 A. Mgt do dong dipn cue bo D x (mA/cm 2 ) tgi diem x (tinh 
tti dau a gan anot nh&'t) cua catot dude xac dinh theo cong thtic : 
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D x = 10 J.(o - b.logiox ) (6.5) 

trong do a v4 6 la h&ng so binh, neu binh Hull 267 ml thi chung lan lupt bing 
5,1 va 5,24. Tut (6.5) 14m ra thudc Hull (hinh 6.2b) de ti£n sut dung. Thay 
ring khi dung / - 2A thi tren catot mat dp dong dipn cpc bp D x trai tu; 2,5 den 
85 mA/cm 2 , tflc la bao trum len dai mpt dp dong dipn thich hpp cua hdu het 
cac loai dung dich ma. 


48 cm 



a) 128 cm 


D6ng 

dito/, 

A 

Mat d6 dbng diCn D x , A/dm 1 

a 

b 

c 

Vj tri tren catot Hull 
d e f g h i j 

k 

1 

m 

n 

1 

5 

4 

3 

2 14 145 1 0,75 04 0,4 

04 

04 

0,1 

0,05 

2 

10 

8 

6 

4 3 24 2 14 1 04 

0,6 

0,4 

04 

0,1 

3 

15 

12 

9 

6 4,5 3,75 3 245 14 1,2 

0,9 

0,6 

0,3 

0,15 

5 

— 

25 

20 

15 

10 7,5 6,25 5 3,75 24 2 

14 

1 

04 

045 


b) 



c) 

a ■ mat bang binh; 


Hinh 6.2. Binh Hull 267 cm 3 ? 

b - thutfc Hull; c - mSt d6 d6ng tSSn phfln bd doc thoo catot 
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Binh Hull nhanh chong cho biet ket qua chat phu gia co tac dung tai 
mien mat dp dong dien n&o. Binh Hull thao day, nhung thing vao bl ma de 
thi nghiem kiem tra dung dich mot each true tiep. Catot Hull co the cit rdi 
thanh cac dai nho se d 6 dang do dupe mat do dbng di$n cue bp thilc tren 
catotNgoai ra binh Hull con dupe cai biin thanh nhieu dang d&c bipt khac 
tien dpng cho tiing trudng hop cp the. Trong san xuat hay dung binh nhy de 
kiem tra so sanh, giup cho viec khic phuc cac set co dupe chlnh xac va nhanh 
chong. 

Mot yeu cau rat hien nhien nfla lh ldp ma phai ddy diu khip moi noi. 
Muon vay dien the tai moi diem tren catot phai b&ng nhau; dieu nay khbng 
the xay ra dupe do'i v 6 i cac catot co hinh dang phtic tap. Luc ay muon tang dp 
dong deu ve chieu day cho ldp ma phai tim edeh cai thipn su phan bo dong dipn 
sao cho dupe dong deu hdn tren catot. Muon vay phai : 

- dung anot phu (bang : titan; titan ma bach kim; kim loai ma,...) co 
hinh dang dac biet, dat vao dung dich tai cac vj trl thich hpp de ting mht dp 
dong dien cue bo tren catot d nhilng diem von co mat dp dong dipn rat thap 
(khe, hoc, ranh, 16 

- cho co xu hudng ma dip qua dhy hodc mat dp dong dien qua cao 
(chay) can dpt them catot phu (catot gia) hay dat cac tim chin each dien de bo 
trl lai dudng diin di trong dung dich. 

Nhtfng dieu nay phu thupc rat nhieu vao kinh nghiem vi sU khio 16o 
cua ngupi thd. Tuy nhien m 6 i dung dich deu co the cho ldp ma day deu den 
mite dp nhat d)nh. Mite dp nay dupe goi IP kha nahg phdn 60 'cua dung djeh 
d 6 , va dupe do dinh lupng bing binh Haring-Blum (hinh 6.3). 

Catot 1 Anot Catot 2 



Hinh 6.3. Binh Haring-Blum do khA nAng phAn b 6 dung dich ma 

Hai catot dupe d$t d hai phla cua mpt anot vdi nhflng khoang each lj 
va l 2 khAc nhau ro rpt vh tien hhnh dipn phan. Trong lupng. kim lopi ma len 
hai catot m, va m 2 cung se khac nhau, vi dipn the rPi DR den hai catot 1A 
khong giong nhau; dien the tren catot 1 thap hon nen lupng kim loai ket tua 
tr§n no se ft hPn. 
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Cong thtic Field thtfdng dung de tinh kha nang phan bo" (PB) cua dung 

dich la : 

PB = 100 (k-K) / (k+K-2), % , (6.6) 

trongdo k = l,/ l 2 va K = m 1 ! m 2 . 

Theo cong thhc nay, kha nang phan bo (PB) co cac gia trj giQa +100% 
(tot nhat) va -100% (xau nhat). 

Nhftng yeu to quyet dinh kha n4ng phan bo cua mot dung djch ma la : 

• Do dan diin cua dung dich : dien the rdi DR gay ra stf khac nhau ve 
di?n the tren mat catot co hinh thu phUc tap, neu do dSn di$n cao thi DR se 
be, do do toe do dipn ket tua trd nen dong deu hdn tai moi diem. 


togD 



D 2H* +2e ->■ H 2 



- ; --- 7 

Ma Ma + thoat H 2 


Hinh 6.4: a- da nghiSng Tafel bi&j thi anh hUctng cua ch4t tao phCit dan sp khur 
cua ion kim loai; b- duong cong D-E cua su khtf ion kim (oai v£ cua H* 

• Do nghieng Tafel cua phan ting ket tua : hinh 6.4. a cho th&'y khi c6 
si? thay doi di£n the thi toe dp mp se thay doi it hdn 6 qua trinh mp e6 d§ 
nghi§ng Tafel 16n (duong 2). Thi?c nghi^m cho th4y dung djch phttc v4 dung 
djch c6 php gia h4p php 14n catot cho dp nghieng Tafel 16n hdn (E/ logD ldn 
hdn). Nhieu ch4t san bang, chat b6ng c6 tic dpng 14m cho ldp mp d4y d4u 
trong phpm vi nh6 (vi m6). 

• Si? cq.nh tranh cua cac phdn ting diin ctic : tuy vi$c th6at khf hydro 
c6 gky nhi6u phien toai nhung n6 lpi gop ph£n 14m t4ng kha n4ng phan bo. 
Hinh 6.4b cho thi'y hydro chi th6at ra dupe cf nhutng diem n4o tren be m4t 
catot c6 dipn the cao. Do hydro th6at ra n§n da ti&u ton mpt phan dong dipn le 
ra 14 de thbat kim lopi; ket qua la ldp mp trd n4n d4y diu hdn. 
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Vay cac thong so chmh anh hildng den kha nang phan bo" la thanh 
phan dung dich (nong do tong trong dung dich, chat tao phtfc, pH, phu gia), 
nhiet do va mat do dong dien. 

Ve nguyen the nen chon dung dich co hieu suat dong dien cao va thiet 
ke be mg sao cho dien the yeu cau la nho nhat. Tuy nhien trong ky thuat mg 
dien, nhng lildng dign dung cho dien phan thildng nho hdn nang lildng dien 
dung de dun nong, de chay cac motd, de chuan bj be mat luc dhu ,... rat nhieu. 
De ma day 10 pm cho 1 cm 2 chi can mot dien lildng la 1-10 C (the 0,28.10 3 - 
2,8.10 3 Ah). Vi vay hieu suat dong dien khong quan trong nhu nhieu cong 
nghe dien phan khac. NhUng chat lildng ldp ma phai dildc dat len hang dau 
cho du co ton kem va mat cong hdn doi chut. 

Ma dien nhieu khi phai dung den cac dung dich kim loai nang, kim 
loai chuyen tiep co nong dp cao, cac hpp chat xyanua .... De bao ve moi trildng 
nen co ghng han che stt dung cac dung dich qua doc hai, mat khac cac xilcfng 
ma phai co bp phan xti ly ntlclc thai de thu lai-cac ion kim loai va cac chat doc 
hpi trildc khi thai ra cong ranh chung hoac tai sil dung. Xu hildng cong 
nghiep hien nay la tim each thu hoi triet de kim loai va ve lau v§ dai can loai 
bo viec dung cac hoa chat rat doc hai nhii Cr b+ , Cd kim loai va ion xyanua, ke 
ca mpt so phu gia him cd co tinh doc hai cung vay. 

6.2. THANH PHXn DUNG DICH VA CH^ D<) MA 

Dung djeh ma gih vai tro quyet djnh ve ndng ltlc ma (toe do ma, chieu 
dhy toi da, m^t hang ma ,...) va chat lildng m^, cho nen phai dung logi hoa 
chat do car hang chuyen san xuat va cung cap vat til rieng cho nganh ma mdi 
dam bao dude cac yeu cau tren. Dung djeh ma thildng la mpt h6n hdp kha 
phife tap gom ion kim loai mg, chat dien ly (din dipn), va cac logi phg gia 
nhim dam bao thu dupe ldp mg co chat lupng va tinh chat mong muon. Dildi 
diy se xem xdt vai tro cua thng cau t\i ay. 

6.2.1. Ion kim loai ma 

Trong dung djeh chung ton tgi d dgng ion ddn hydrat hoa hogc ion phitc, 
nhung noi chung deu c6 nong dpldn, cd 1 - 3 mol/1. Ly do Ik de tkng gia trj cua 
dong dien gidi han D gh , tgo dieu kien nang cao hdn dai mat dp dong dien thich 
hdp D c cho ldp mg tot (xem muc 6.2.5). Dung d;ch ddn thildng dimg de ma vdi 
tdc do cao cho cac vgt co hinh thu ddn gian, con dung dich phife dung cho 
trildng hpp can co kha nang phan bo' cao de ma cho vat co hinh dgng phife tgp. 


56 



6.2.2. Chat dien ly 

Nhieu chat dien ly dude dita vao dung dich vdi nong dp cao de tang do d&n 
dien cho chung. Cac chat nay cung co the Idem them vai tro chat dim, khong 
che pH luon on dinh, cho du hydro hay oxy thoat ra co lam thay doi do axit ef 
sat cac dien ctic di ntia. Vi neu pH ldn qua, hydroxyt kim loai se ket tua, lin 
vao I (ip ma. Dien nay dac biet kho khan cho cac trudng hpp ma cac kim loai c6 
tinh xuc tac thoat hydro va de bi thuy phan (nhu Ni chang han). Dieu do giai 
thich tai sao trong dung dich ma ken co chtia axit boric. Khi dung dich co pH > 
2 thi hau nhu hydro rat kho thoat ra nen hien tupng gion hydro hoac sinh cac 
hydrua se giam di rat nhieu. 

6.2.3. Chat tao phufe 

Dung phitc chat de lam cho dien the dien ket tua trb nen am han nham tranh 
hien tifcfng tu xay ra phan ting hoa hoc gitia catot va ion kim loai ma, nhu 
trudng hap ma dong len sat thep : 

^Cu 2 ' + Fe Cu + Fe 24 . (6.7) 

Phan ting hoa hoc nay cho 16p ma Cu rat xtiii, vtia xop vtia de bong. 
Neu cho chat tao phtic vao de lam cho dien the oxy hoa - khti cua dong trd nen 
am han cua stit thi kha nang nhiet dong xay ra phan ting (6.7) khong con ntia. 
Phtic chat cung duac dung de thay doi dp nghieng Tafel cua phan ting khti kim 
loai nham cai thien kha nSng phan bo cho dung djeh mg. Chtit tgo phtic thong 
dung nhat trong cong nghe ma dien la cac ion xyanua, hydroxyt vh sunfamat. 
Chat tao phtic cung co vai tro lam hoa tan anot vi chung ngan can dupe stf thu 
dong anot. 

6.2.4. Phu gia htiu cp 

Nhieu loai chat htiu cd dupe cho vao be ma vdi nong dQ tuang doi thap 
nham lam thay doi cau true, hinh thai va tinh chat cua ket tua catot. Ltia chon 
chat nao va each thtic sti dung ra sao phan ldn Id dtia vao thtic nghi^m. Chinh 
ban than chat htiu cp nay hay san pham phan ting dipn ctic cua chung da co 
nhting tac dung noi tren? Do la dieu khdng de ddng tra lai rtinh rot cho moi 
trudng hpp. Tuy nhien vdn co the' khai quat h6a nhting dieu co lien quan den 
viec sti dung phu gia nay nhu sau : Cac chat htiu cd thudng dung co kha nting 
hap phu len be mdt catot, va co trudng hpp chat htiu cd bi giti lai trong ket tua, 
ddc biet la khi ma cac kim loai co nang lifdng be mat ldn (diem ndng chay cao). 
Nhidu chat cung lam tdng qua th§ dien ket tua va thay doi do nghieng Tafel. 
Dieu nhy co thi la do can phai chuyen dien tti qua ldp hap phu hotic do su hinh 
thanh phtic chat tren be mat dien cue. 
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Mot phu gia tuy co the anh hiring den nhieu tinh chat cua ldp ma, 
nhting dung dich t.htidng vkn dung dong thdi nhieu phu gia vi can den tac 
dung tong h# cua chung. Cac phu gia nky thudng dticfc phan loai nhU sau. 

- Chat bong : Chat bong thtidng dude dung vdi lieu ltitjng ttidng do! ldn 
(vai ba g/1) va co the bi ldn vao ldp ma kha nhieu. Chung cho ldp ma nhkn, mjn 
vk co the lam thay doi qua trinh tao mam. 

Doi vdi ma ken tit dung dich axit chtia sunfat va clorua (dung dich 
Watts) dung hai loai chat bong : (1) cac sunfonic hay sunfonat cua vong thdm 
cho ldp ma bong sang (nhiing chita that bong long Iky) va lam giam ting suat 
noi; (2) cac chat co chtia nhom -C=N, -N=C=S hay >C=0 trong phan tit 
(nhU tioure, cumarin,...) cho ldp ma bong loang (long lay) nhitng lai lam ting 
dng suat noi va do gion cho kim loai. Vi vay chung thudng dupe dung chung 
vdi nhau. Cac sunfonat cua chat vong thdm cung dupe dung 1km chat bong cho 
ma thiec va ma dong. 

- Chat san bang : Cac chat nay cho ldp ma nhan, ph&ng trong pham vi 
kha rong (vi mo). Nguyen nhan la chung hap phu len nhitng diem co toe dp ma 
ldn va lam giam toe do d do xuo'ng. Vay lk cac phu gia nay da vtu tien hap phu 
len cac diem lech la cho co nang litdng tp do ldn hdn va len cac dink loi la cho 
co toe do khuech tan ldn cac phu gia den do; cac phu gia hap phu nay se lam 
giam toe dp chuyen dich dipn til . Trong thiic te, nhieu phu gia co ca tac dpng 
cua chat, bong vk chat san bang. 

- Bie'n doi ca'u true . Cac phu gia lam thay doi cau true ldp ma va tham 
chi co the uu tien djnh hudng tmh the hay uu tien sinh ra kieu mang tinh the 
nao do. Mpt so chat dupe dung de tao ra cac tinh chat dkc bipt cho ldp ma, so 
khac dung de dieu chinh ting suat trong ldp ma (ting suat lk do mang tinh the 
bi xo lpch) nen dupe goi lk chat giam ting suat. 

- Chat thdm tidt : Chk't nky dupe cho vko de thuc d£y cac bot khi, bpt 
hydro mau chPng tach khoi be mpt dipn cue. Thieu chung, bpt khi, nhkit lk 
hydro sinh ra tti phan ting phu s§ gky r6 vk giPn hydro do chung thkin vko kim 
loai- 

6.2.5. Mpt dp dong dipn catot D„ 

Ltic dang ma, mpt dp dong dipn giti vai tro rk't quan trpng. NPu mkt 
dp dong dipn rk't thap, tPc dp chuyen doi dipn tti trong cac phan ting dipn epe 
se nho, cac nguyPn tti mdi hinh thknh c6 dti thdi gian gia nhpp cd trkt tu vko 
mang tinh the, vi vay mang ltidi va cau true tinh the dupe duy tri, khPng bi 
biPh doi; quan sat bkng hien vi dipn tti vk nhieu xa dipn tti cho thk'y ro dieu d6. 

Khi tang mat dp dong dipn len, toe dp phong dipn tkng nhanh, cac 
nguyen tti kim loai sinh ra 6 at, khong kip gia nhkp vko vj tri can bang trong 
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mang tinh the. Mat khac do qua the luc do ldn, nen nhieu mam tinh the mdi 
tiep tuc sinh ra. Do vay ma mang tinh the tret nen mat trat tU va dupe the 
hien ra la ldp ma co nhieu ldp, nhieu gdn song, va nhieu khoi da tinh. Neu 
tiep tuc tang mat do dong dien len cao hdn nda, toe do phong dien qua nhanh, 
lam cho ion Jam loai gan catot qua ngheo, qua trinh dien cUc lam vho tinh 
trang bj chi pho'i beti su khuech tan : nhhng didm loi, mui nhon ,... dupe ion 
kim loai chuyen den dl dang hetn, dong theti dien the rdi th cac diem nay den 
anot lai be hdn, nen tai do se dupe Uu tien phong dien, ket qua la ket tua se 
sdn sui hope co dang hinh nhanh cay. Neu tang tiep mat dp dong dien den noi 
khuech tan ion hoan toan khong lqp cho qua trinh dipn cUc thi ket tua thu 
dupe se la bpt kim loai: Ldp ma khong dupe phep sdn sui, nham, vi vpy de co 
ldp ma dat yeu cau huge phai dung dai mat do dong dien tudng doi thap. Hdn 
nda d D c thap kim loai ma de bat chudc lap lpi dung kieu mpng ludi cua kim 
loai nen (cau tao epitaxy) va cho dp gdn bam rat cao. Ldp ma nhan, da tinh, rat 
ben, dupe dung nhieu nhat. Hinh 6.5 tong ket tat ca nhfing dieu vtta trinh bay. 



Hinh 6.5. Thay <Jdi dang kd’t tila theo mat dO dbng di$n 

Ph4n ldn deu dhng nguon dipn mpt chieu da n&n phang dl mp vk giff 
dong dipn khong doi vho catot. Dai mpt dp dong dipn thich hpp cho ldp mp tot 
thudng tha'p hdn mpt dp d6ng gidi hpn D gh kha nhieu. Do d6, dPi vdi mpt dung 
djeh nhat dinh, muon nang cao tPc dp ma D c phai tim each t&ng D gh cua n6 
len . C6 ba each tang D gh ; (1) tang nong dp ion kim lopi mp; (2) tang nhipt dp; 
va (3) tang chuyen dpng tudng doi gihta catot va dung dich ma. Cach (1) va (2) 
khong the tang bao nhieu cung dupe. Nong dp khong the cao hdn dp bao hoa 
dupe; ngoai ra dung nong dp cao thi mat mat khi thao tac se ldn, ton nhieu vpt 
tu, hda chat. Nhiet do chi nen den 60 - 70 °C, qua cao se an mon manh thiet 
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bi, mat do bay hdi, do phan huy se ldn, ton nhieu dien nkng vk thdi gian de 
dun nong. Khuay la each (3) to ra hieu qua nhat. 

6.2.6. Khuay 

Khuay de ting chuyen dpng ttidng doi gitia catot vk dung dich n§n 
dUdc phep dung mat do dong dien D c cao hdn, toe do ma se nhanh hdn, ngoai 
ra no con 1km cho hot khi hydro dl tach khoi be mkt di|n ctic; san bang pH va 
nhiet do trong toan khoi dung dich cung nhti tai nidi gan dien ctic. 

Co the khuay blng cac each : 

- Chuyen dong catot : cho catot du dtia theo chieu doc va chieu dting; 
quay catot; ma trong thung quay; catot la day, bang cho chay lien tuc qua be 
ma,... 

- Chuyen dong dung dich : bang each sue khi nen vao be; bdm tuan 
hoan dung dich ra vao be hay phun dung dich vao khe h$p giiia anot vk catot. 

Tuy nhien khuay phai luon kem theo loc dung dich d§ loai het ckn ban, 
tranh gay hu hong do bun ckn vkn len. Tot nhat la loc lien tuc vi dung dich 
sach se thuan ldi rat nhieu cho san xuat va de dat chat lifOng cao. 

Ma trong sieu am cung co tac dung nhb khuay nhitng tot hdn nhieu. 

Mot phudng phap dac bi?t khac la ma bang dong dien doi chieu, 
thudng dung dang song vuong. Trong qua trinh ma, vat ma khong phai luon 
luon dildc dkp vao lien tuc niia, ma co luc duqc mkc thknh anot theo mot tan so 
va thdi gian nhat dinh; chinh luc hoa tan anot cac khuyet tat cua ket tua bi 
mat di, be mkt dude doi mdi, nong do ion gan dien cUc dirqc hoi phqc. Nhdng 
dieu do cho phep ma vdi mat dp dong dien cao hdn ma vkn dit<?c 16p ma nhkn, 
kin, ting suat nho, bam chkc ,... 

6.3, ANOT 

Anot thi/dng dude 1km bkng kim loai cung loai vdi Idp ma va chon each 
sti dpng sao cho nong dp ion kim loai trong dung d;ch luon luon khong thay 
doi. Muon vay phai lam sao cho hieu sukt dong dipn anot vk catot phai bkng 
nhau trong suot thdi gian phuc vu cua anot. Trong san xuk't thtidng phai dam 
bao cho anot khong bi thu dong, anot phai luon dl tan vk tan deu; muon the 
dien tich be mkt anot phai ldn de mkt dp dong dipn anot du nhd, ttic lk gifl 
anot nkm trong vung dien the (hoa tan) hoat dpng. Anot dpng bi vien dpt, 
khuy ao, manh nho,... luon nap day trong gio trd bkng titan, cho dien tich anot 
rat ldn va mat do dong dien anot nho vk luon luon khong thay doi, da dap ting 
dtipc yeu cau nay. Ngoai ra con dung chat tao phtic de ngkn can sit thu dpng, 
hay ion halogen de tao cac 16 thung tren mkng oxyt thu dpng 1km cho anot tiep 
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tuc duqc hoa tan. Phai khong che cac dieu ki|n ky thuat de anot tan thanh 
cac ion co hoa trj mong muon. Anot phai dude che tao sao cho khi hoa tan ft 
tao thanh bun can nhat, ft tap chat nhat va kho bj tdi ra nhat. Cac anot du<?c 
san xuat rieng cho nganh ma nhu cac vien " nikel carbonyl" , "S-nikel" , “R- 
rounds” .... cho ma ken dap ting ducfc cac yeu cau d6 : di$n tfch be' m*t ldn, hoa 
tan de dang, ft mun can. 

Crom bj chp dong manh trong moi trtidng axit sunfuric nen phai dung 
anot trd trong ma crom; thUdng lam bang hdp kim chi vdi Sn, Sb, Ag cac 
ngu> T en to nay 1dm tang cd tfnh cho chi, giam qua the thodt oxy tren anot. 
Ngoai anot chfnh nay con dung anot phu bang titan ma Pt trong cac tracing 
hdp can cai thien phan bo dong dien tren catot. 
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Chifcfng 7 

MA KEM 


Kem (Zn) la kim loai trdng xam, trong lUdng nguyen tft 65,38, trong 
lUdng rieng y— 7,2 , dUdng luqng di$n hoa cua Zn 2+ 1,219, nhi£t do nong chay 
419,5 °C. Gion d nhiet do thudng; deo d 100-150 °C; gion va di tan thanh b§t d 
nhiet do ldn hdn 250 °C. Kem lk kim loai hoat dong, la chat khii manh; nhung 
ben trong nude, trong khong khi km vi khi do chung dUdc che km bkng cac h(?p 
chat oxyt va cacbonat. Dien the tieu chnkn - 0,763 V nen la ldp ma anot doi 
vdi thep, dong, ken va bao ve chung rat tot. Toe do an mon kem mdi nam 
khoang 1-1,5 pm d nong thon, 1,5-2 pm d vung nhiet ddi am, 6-8 pm d vung 
cong nghiep; d vung bien kem bj an mon rat manh. Vi vay thddng ma kem de 
bao ve silt thkp dung trong khong khi, ditdi dat, trong nude ngot. Khi can chieu 
day ldp ma ldn hdn 100 pm nen dung phUdng phap phun, nhung nong,... chi 
khi ckn chieu day nho hdn 100 pm mdi nen dung phUdng phap ma dien. Chieu 
day ldp ma dien kem dUdc quy dinh trong cac tieu chuan nha nude hoac tieu 
chuan cua nha san xuat va thudng dao dong trong gidi han sau : 


- Lam viec mdi trudng an mon rat manh (RM) phai ma dky 36 - 42 pm 

- Lam viec moi trudng an mon manh (M) phai ma day 25 - 30 pm 

- Lam viec mdi trudng an mon trung binh (V), can ma day 12 - 15 pm 

- Lam viec mdi trudng an mon yeu (Y), can ma day 3-5 pm 

- Ma kem cho d'c vlt va cac bo phan ldp ghep chi nen day 4-7 pm 

- Ma kem cho cac cong trinh vlnh ciiu co quy dinh rieng . 


Thudng ma kem tit dung dich ddn : sunfat, floborat,... hoac dung dich 
phde ; xyanua, zincat, amoniacat, pyrophotphat,... Kha n&ng phan bo cua 
chung dildc xep theo thii tU sau : xyanua (25 °C) > polyetylenpolyamin > 
pyrophotphat (pH 3,3; 50 °C) > amoniacat (pH *6,8; 20 °C) > floborat ( 20 °C) > 
sunfat (25 °C). 

7.1. MA KEM TlTDUNC, DICH SUNFAT 

Dung dich nay chi ma cho cac vat co hinh .dang ddn gian nhu tarn, 
bang, day,... cho toe do ma cao, hieu suat dong dien ldn, ldp ma it bi gion 
hydro, dung dich khong doc. 
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Chieu d4y 16p ma 5 tlnh theo cong thhc (6.4) hay tinh gSn dung theo 
cong thtfc sau : 

S ~ 1 7 H.t.D c , p m f (7 i) 

trong do H - hieu suat dong dien, (thudng tit 0,96 - 0,98) , % • 
t - thdi gian ma, h; 

D c - mat do dong dien, A/dm 2 . 

Bang 7.1 gidi thi?u mpt so dung dich hi£n dang dung. Dung dich 1 
ma em md. Dung dich 2-4 ma kem bong. Dung djch 2 v4 4 chu yeu de ma 
quay. Dung dich 3 ma treo. Dung dich 5 ma liSn tuc cho.dfiy, bang, tarn ,... 

T# le dien tich anot/ catot S a / S c - l/i. 

Anot bang kem co do sach cao v4 trung binh 
Nhom sunfat va phen nhom co th $ thay the' cho nhau bang hwng tUdng 

tNRi%n hUng ° n djDh PH Va tang d ° dln di ^ n - Na * S0 4 ■ K 2 SO « *4 
UNii^bU* cung lam tang do dan di$n cho dung dich. 


Bang 7.1. M6t so dung dich ma kem sunfat thubng dung 



Dextrin, urotropin, polyacrilamit, U-2, DSU .... 14 cac chat hoat dpng 
be mat, chat bong. Khi pha che dung dich chiing dude pha rieng roi cho vho 
cuo] cung sau khi dung dich da dUdc xnf ly that tot. U-2 va DSU la cac chat 
cam mau dung trong cong nghiep dec. DSU la san phdm ngung tu cua 
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dixyandiamit vdi formaldehyt; d dang siro mau vang hay nau, hoa tan to' 
trong nude. U-2 la san pham ngUng tu cua dicyandiamit vdi urotropin trong 
axit axetic; d dang siro due. Dung dong thdi U-2 vi DSU se cho ldp mg bong va 
gin bam tot. Trade day hay dung chat bdng la axit 2,6-2,7- disunfonaphtalic 
(2g/l), keo da, glucoza,... Ngay nay cac chat bdng dude nghien cdu kha nhieu 
va cac nha che tao cung cap chung diidi nhtfng ten thadng mai, ma hoa, trong 
so' dd cd nhieu chat cho ket qua rat tot. 

Co the mg. kem sunfat bing dong dipn doi chieu : chu ky T = t c + t a = 6 s; 
ty le tjt a = 6/1 trong nhfing dung dich tren va dupe phep tang mat do dong 
dien len 2-3 lan; co the ma treo hoac ma quay; hieu suit dong dien anot 
khong vudt qua 100%. 

Pha che dung dich. ; Pha rieng timg chat trong nude am 50-60 °C, de 
ling va ioc vao be ma, them nude den the tich da tinh. Dieu chinh pH bing 
H 2 S0 4 hay NaOH 2-3%; xu ly dien cho dung djeh d dien the 1 - l,5VvaD c = 
0,5 - 0,8 A/dm 2 den khi dupe ldp ma sang, nhln. Them phu gia, chat bdng 
(dung theo chi din) va bit dau khai thac. Dinh ky phan tich va dieu chinh 
dung dich. 

Tap chat co hai la nhofng kim loai duong hein kem, chdng thoat ra tai 
dong gidi han, lim cho ldp mg bi sui, xam hoac den. Nong do toi da cho phep ; 
As 0,005 g/1, Sb 0,05gA, Cu 0,08g/l, Fe 0,6g/l, khong ducfc co mat ion Mn, 
Cr, nitrat. Loai bo chung bing each xii ly dien d dien the 1-2 V, va D c - 0,2 - 
0,3 A/dm z , hoac bing each ngam anot (hay la kem, bot kem) khong dien trong 
dung dich de kem hoa tan va day chung ra d dang bot bam tren anot (hay la 
kem), sau do co sach anot (hay vdt bo la kem) va loc sgch dung dich. Loai sit 
bing H 2 0 2 (0,5 ml cho 1 lit dung dich) de oxy hoa Fe 2 * thanh Fe 3+ , sau do ket 
tua dudi dgng Fe(OH) 3 nhd NaOH hay Na 2 C0 3 . Dextrin kem chat lUdng co 
the gay cac chain den tren ldp mg, khic phuc bing each xu ly dipn d pH 2-3, 
khuay bing khi nen va them 0,5 - lml/1 H 2 0 2 vao. Chat hUu cd nhieu qua (ke 
ca keo va gelatin) ldp ma se gion, khic phuc bing each ma xii ly va loc qua 
than hogt tinh hoac dung tanin (xem muc 7.4). pH cao va mat do dong dien ldn 
se sinh ra Zn(OH) 2 lam ldp ma to'i, xui va bd. Nong do kem loang di sinh cay, 
nhat la khi dung mat dp dong dien ldn. 

7.2. MA KEM TL DUNG DICH FLOBORAT 


Chi ma cho vat co hinh dang ddn gian; toe do ma cao. 
Che floborat kem tu: kem oxyt va axit floboric : 

ZnO + 2HBF 4 = Zn(BF 4 ) 2 + H 2 0 


(7.2) 



De tang d<? dan dien phai cho them NH 4 C1 vao dung dich, NH 4 BF 4 dime 
sinh ra co tac dung ting phan cite catot. Dung H 3 B0 3 de duy tri dp axit cho 
dung djeh. Chat hoat dong be mat de cai thipn cau true Idp ma. 

Khoi luong hydro hap phu it hefn 6-8 lan so vdi ldp ma thu tijf dung 
djeh xyanua. Hieu suat dong dien tang khi giam mat dp dong dipn va ting 
nhiet dp. Bang 7.2 giefi thipu mpt so” dung dich iloboric ma kem. 

Tang pH bang each them NH 4 OH, ZnO, ZnC0 3 . Giam pH bang each 
them axit floboric HBF 4 49%. Kiem tra phu gia bang mat (nhin vat ma) hay 
bang binh Hull. 

Bang 7.2. Mot so dung dich mq kem floboric 


Thanh phSn dung dich 


Dung dich sfi 


(g/l) va che dp ma 

1 

2 

3 

2n(BF 4 ) 2 

300 

200 

250-300 

NH 4 BF 4 

35 

35 

25-30 

nh 4 ci 

27 

54 

- 

h 3 bo 3 

- 

- 

15-30 

Cam thao 

1 

1 

- 

Tioure 

- 

- 

4-5 

OC-20 

- 

- 

1,5-2,0 

D c . A/dm 2 

2.5-8,5 

2,5-8,5 

4-5 

Nhiet d6 , °C 

27-38 

27-38 

phdng 

pH 

3,5-4,0 

3,5-4,0 

3,0-4,5 

Khuay 

_ 

khong hay khuay 

khong hay khuay 

_ 



Dung dich 1 ma tinh; dung dich 2 ma quay; dung dich 3 vam nang, neu 
tang nhiet do tir 20 °C len 40 °C cho phep tang mat do dong dien ma tif 4-5 
A/dm 2 len 10 A/dm 2 nen dung de ma nhanh va lien tuc cho dhy, bang, tam,... 
rat tot. 

Anot: kem due 99,9%. Ty le S a / S c = 1/1. 

Pha che dung dich : 

HBF 4 co the' tu che' tao lay bang each cho HF tac dung vdi H 3 B0 3 '. 

H 3 B0 3 + 4 HF = HBF 4 + 3H 2 0 . (7.3) 

Vi du, de co 180 g HBF 4 cln 300 g HF ky thuat (40%) va 106g H 3 B0 3 
(cho du mot ty). Chu y phan ting (7.3) toa nhiiu nhiet, de gay bong. Can thuc 
hien phan ting nay trong be nhua hoac chi. HBF 4 thu dupe cho tac dpng vdi 
ZnO mdi che d dang set de co Zn(BF 4 ) 2 theo phan dng (7.2); ho^c tac dung vdi 
dung dich amoniac 25% de co NH 4 BF 4 theo phan ting (7.4): 

NH 4 OH + HBF 4 = NH 4 BF 4 + H 2 0 . (7.4) 


5-CNMB 
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H 3 B0 3 cho vko dung djch 3 phai hoa tan trUdc vko nude n6ng. 

Dung djch pha xong phai xd 1# di$n den khi dupe ldp ma dat yeu cau. 
Sau d6 them phu gia ho 4c chSt b6ng va bat dau san xu&'t. 

7.3. MA KEM Ttf DUNG DICH XYANUA 

Ma dupe cac vat c6 hinh dang phUc tap; ldp ma min, kin. To'c dp ma 
cham; doc hai; di bj cacbonat h6a; dat. 

Chieu day ldp ma kem 8 tir dung djch xyanua cung tinh theo cong 
thtfc (6.4) hay gan dung theo cong thtic (7.5) sau: 

5 = 17,2 H.t.D c , pm , (7.5) 

trong do H - hieu suit dong dien, (thifdng tit 0,60 -0,85) % ; 
t - thdi gian ma, h; 

D c - mat dp dong dien, A/dm 2 . 

Mat do dong dien cang cao thi hieu suat dong dipn cang be. 

Mpt so dung djch ma kem xyanua dupe trinh bay trong bang 7.3 .Ty le 
dien tich cac dien cue S a : S c - 2 (rieng dung djch 5 co the 14 0,5 - 1,5). 

Bang 7.3 M6t so dung dich mq kern xyanua 


Thanh phSn (g/1) 



Dung dich so 




1 

2 

3 

4 

5 

ZnO 

4-10 

30-40 

40-45 

10-45 

22,4 

NaCN tong 

15-40 

90-100 

75T35 

20-90 

• 40 

NaOH 

10-24 

70-80 

70-85 

60-85 

85 

NajS 

- 

2-4 

0.5-5 

- 

- 

Glyxerin 

- 

- 

3-5 

- 

- 

BSU 

- 

- 

_ 

3-4ml/l 

- 

ZB-ATZ 

- 

- 

- 

- 

4 ml/I 

D c , A/dm 2 

0,5-2 

5-6 

2-2,5 

1-6 

0,5-5 

Nhidt do , °C 

Giong ddi chieu 

38-40 

18-30 

15-25 

18-35 

20-40 

s. 


, 10:1 

* 

- 

' 


Anot la kem co do sach cao: thudng co mat 0,3% Hg v4 0,5% A1 de tang 
dp hoa tan cho anot, ngupc lpi neu anot tan qua nhieu (du Zn 2+ ) can thay mot 
phan anot kem bang anot thep (trei). 

Dung dich 1 ma cho vat co hinh dang kha philc tap. Dung djch 2 cho 
toe do ma cao. Dung djch 3 trude day dung de ma bong. Dung dich 4 va 5 la 
cac dung dich ma bong hien dai. Chat bong BZ-ATZ cho ldp ma rat min, dong 
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deu: sau khi cromat hoa se sang b6ng nhu ldp ma crom (da cd ban d thj truing 
Viet Nam). 

Tap chat ; nhfing ion ducfng hdn kem nhu Sn 2+ , Cu 2+ , Pb 2+ , As 3+ ,... la 
nhfing tap chat co hai, nhit 14 doi vdi dung dich ma b6ng, chung 14m cho ldp 
ma bj xam, kdm bdng, sau khi tay bdng lai x4'u di, tin nhieu chit bdng,... khi 
do can dupe load bo b4ng each them 3-4g/l Na 2 S v4o dung dich de kit tua 
chung difdi dang sunfua, ho4c cho 2-5g/I bpt kem hay phoi kem v4o dung dich 
ngam mot thdi gian de diy chung ra dudi dang bot kirn loai, ho4c xxt ly dipn 
v6i D r = 0,1-0,2 AJdm 2 . Sau do can ling, gan hay loc sach dung dich. Cr0 3 , 
cac nitrat va cac chat oxy hoa lan vao dung dich se lam giam toe dp ma rat 
nhieu, khi thoat ra rat manh, rat kho loai bo chung (xif ly dien that lau co the 
kh4c phuc doi vdi truing hop nhiem it cac chat nay). 

Chat hifu ccf lan nhieu trong dung dich se lam ldp ma bj gion, soc, va 
mau sac khong'deu . Loai bo no bang each cho them l-2g/l than hoat tinh vao 
dung dich, khuay va loc lien tuc trong vai ba gib. Sau d6 ma xrt ly den khi dat 
yeu cau. 

Thanh phan dung dich : Can gid dung ty lp NaCN va NaOH trong 
dung dich nidi thu dupe Idp ma tot v4 hieu suit dong dien cao. Thifa NaCN, 
khi se thoat ra nhieu, ma an cham, nong dd kem dac dan len. Thbfa nhilu 
NaOH va thieii NaCN, khi thoat ra it, ma an nhanh, nhtlng ldp ma tho va kho 
an ma trong khe ke, Id khuat .... Neu thieu ca NaCN va NaOH, nong dp kem 
giam dan, anot dl bi thu dong (co mang tring bao phu lam chung kho tan), ldp 
ma tho. 

Khi nong do Na 2 CO ;! tich tu qua 100g/l se kit tinh len thbnh be, lam 
giam hieu sua> dong dien, mat do dong dien va chat lupng ldp ma. Loai bo nd 
bdng each them l,5g Ba(OH) 2 hay CaO vao dung dich dl ket tua lg Na 2 C0 3 , 
sau do phai ling, gan khoi dung dich. 

Nhiet do va mat do dong dien can gid dung nhu quv djnh mdi cho ldp 
ma min, nhan. kin, nhat la doi vdi dung dich ma bong. 

Pha 'cne dung dich : NaCN va NaOH hoa tan rieng. ZnO pha nude 
thanh ho roi do tir tit vao dung dich NaCN va khuay cho tan gin hit. Rot dung 
dich NaOH vao, khuay din khi tan hit ZnO. Them nude cho du. the tich, cho 
dung dich Na 2 S vao, de lang, gan vao be’ ma. Xu ly dipn cho din khi dupe Idp 
ma sang, them chat bong va dua vao khai thac. Chu y tuan thu cac quy dinh 
ve an toan lao dong khr#ha chi, lam viic vdi NaCN. 
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7.4. MA KEM TRONG DUNG DICH AMON CLORUA 

Dung djch phiic, khong dgc nay do S.Ia. Popov tim ra dhu tien. Cau tv( 
chinh cua no 14 muoi j htic Zn(NH 3 ) n Cl 2 , dupe tao thanh khi hoa tan kern vao 
NH 4 C1 du (n = 2 trong moi trudng axit, n = 4 trong moi trudng kiem): 

ZnO + n NH^Cl -> Zn(NH 3 )„Cl 2 + H 2 0 • (7.6) 

Trong dung djch chung phan ly thanh cation phUc Zn(NH 3 > n 2+ hen 
trong moi moi trudng: 

Zn(NHs) n Cl 2 ->• [Zn(NH 3 ) (1 ] 2+ + 2C1' (7.7) 

[Zn(NHs)J 2+ + n H 2 0 Zn 2+ + nNH 4 + + nOH " . (7.8) 

H4ng so khong ben cua (7.8) la 2.10' !O khi n - 2; vi v£y qua trinh 
phong dien cua kem diin ra vdi phan cUc catot ldn va cang ldn khi tang pH 
dung dich len. Dp dhn dien cua dung djch lai kha cao. Nhd hai ly do do ma 
kha nftng pMn bo cua dung djch nay kha cao va cao nhat trong so cac dung 
dich phi xyanua. Cho 16p ma sang, mjn, day deu tren cac vat ma co hinh dang 
phUc tap, vi vay dung de ma quay trong chuong hay thung quay cho cac vat be 
rat tot, dung dupe dong dien cao ma dien the nguon chi can 6V. 

Do hoa tan cua ZnO trong NH 4 C1 phu thuoc vao dp axit, d pH 6,3-7,0 
hoa tan dupe 14-15 g/1 ZnO. Trong moi trudng kiem hdn hay axit hdn thi do 
hoa tan tang len rat nhieu. Cac dung djch cong nghiep thUdng dung nong do 
ZnO tet 15 den 100g/l tuy thuoc vao pH va nong dp NH 4 C1. 

De on dinh pH thUdng dung chat dem la H 3 B0 3 (20-30 g/1) ho4c 
NaCH 3 COO (80-100g/l): de ldp ma dupe mjn phai cho them chat hoat dong be 
mht nhu gelatin, keo da,...; de ldp ma bong can dung chat bong nhu 
benzaldehyt, Liconda ZnSR A, ZnSR B,... NguPi ta edn cho them urotropin vao 
•dung djch de tao thanh phUc kem thU hai, lam tang kha nang phan bo cua no 
xap xi vdi dung djch xyanua. De chong thu dpng anot thUdng dung 
NH 4 CH 3 COO (80-100 g/1). 

Sau khi ma kem tU cac dung djch nay can chu y rUa that ky cho het 
ion Cl , neu con sot, ldp ma mau bi md, xin va d§ bj an mon sau nay. 

Mot so dung djch amon clorua ma kem dung trong cong nghipp, co 
hieu suat dong dipn 90-98%, dupe trinh bay tren bang 7.4. 

Dung djch 1 chu yeu de ma cac vat be trong thung quay, chuong quay. 
Dung djch 2 cho phep ma vdi mat dp dong dien ldn, thUdng dung de ma txnh va 
ma trong cac thiet bi tU dong; neu sU dung dong doi chieu vdi ty lp t r : t a - 8 : 
1 (s) thi co the nang mat dp dong dien len den 6 A/dm 2 . Dung djch 3 dung 
de ma cac vat nhu nhip, 16 xo, va cac vat da tham than. Dung djch 4 va 5 cho 
ldp ma bong; rieng dung djch 4 co the dung de ma quay; chieu day ldp ma kem 
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co the den 18 urn. Cac dung dich amon clorua khong ndn khuay bfing khi nen. 
Hieu suat dong dien cua chung th 92-98%. 

Bang 7.4. Thanh phan dung dich ma kem amon clorua 


Thanh phan (g/I) 
va che do ma 

Dung dich s 6 


2 

3 

4 

1— 5 

ZnO 

12-15 

100 

35-40 



ZnCI 2 

- 

- 

- 

20-80 

40-120 

NH 4 CI 

240-260 

300 

200-220 

180-240 

180-220 

H 3 BO 3 

20-25 

9 

- 

- 


CHsCOONH, 

- 

- 

80-100 

- 

- 

Urotropin C 6 H 12 N 4 

- 

- 

20-25 

- 

- 

Getatin 

1-2 

5-6 

- 

- 

- 

LicondaZnSR A 

- 

- 

- 

30-70ml/l 

30-70ml/l 

LicondaZnSR B 

- 

- 

- 

5-15ml/l 

3-5 ml/l 

D c , A/dm 2 

0,5-1,5 

2-4 

1-3 

0,5-1,5 

0,5-5,0 

Nhiet dp, °C 

20-35 

20-25 

20-35 

15-30 

15-30 

pH 

5,8-7,5 

7,8-8,4 

7,8-8,2 

4,5-6,0 

4,5-6,0 


Pha che dung dich: Hoa tan NH 4 C1 trong nude 50-60 °C, urotropin 
trong n ifcfc nguoi, tron chung lai. ZnO (hay ZnCl 2 ) hoa vdi nude roi cho vao 
dung dich NH 4 C1 nong, khuay cho tan het. H 3 BO : , hoa tan rieng vdi nude nong 
60-70 °C (hoac CH 3 COONH 4 vdi nude nguoi) roi do chung vao dung djeh tren. 
Them nude den the tfch da tinh. Loc vho be ma (loc nong di hdn). Dieu chinh 
pH bang NH 4 OH hay NaCH 3 COO. Ma xu ly den khi dude ldp ma trlng, vi ZnO 
thudng lan nhidu tap chat (Pb, Cu, Fe,...) nen phai ma xii ly kha lau, cho den 
khi dat 2-3 Ah/1 (hoac hefn) vdi mat do dong dien thap (0,25-0,5 A/dm 2 ). 
Them phg gia : gelatin phai ngam trude 2 ngay cho tracing, dun each thuy (60- 
70 °C) cho tan het roi cho vao dung dich: cac cM't.bdng khac cho tr\rc tiep vao 
dung djeh. 

Bao dudng dung dich : Trong qua trinh snt dung edn thudng xuydn 
kilm tra, dieu chinh thanh phdn vk che d$ ma theo dung quy dinh de luon dpt 
chat lupng ma td't. Neu dung dich thi§u NH 4 C1 hay gelatin ldp ma si tho, 
nham, 161. Neu nong dg tap chat Cu ldn hdn 0,2g/l va nong dg tap chat Fe ldn 
hdn 3g/l ldp ma se xam, xui, mac du dung djeh vin trong suo't, luc n&y phai ma 
xu ly d dien the nho hdn IV cho den khi dupe ldp ma tot. Neu dung mat do 
dong dien ldn trong khi nhiet do dung djeh qua thap se cho ldp ma chay canh, 
xui; nhung khi nhiet do cao qua ( >50 °C) ldp ma lai bj den. pH dung dich thap 
qua muoi kem se ket tua dudi day be, khi thoat ra nhieu tren catot, khong 
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dung dong dien cao dude va mat dung djeh bi phu ldp vang muoi. Anot kem 
sinh nhieu mun hay dung dich bi bin dpc se lam cho lefp ma gai, nham. Khi 
ma de anot va catot gan nhau qua se sinh nhieu bot, nha't la khi ma quay. 
Loai bo tap chat hiiu cd bang ma xu ly. Loai bo keo, gelatin bang each them 
tanin (0,1 - 0,2 g/1 pha trade vao nude) vao de ket tua Chung roi loc sach dung 
dich. 

7.5. MA KEM TIT DUNG DICH ZINCAT 

Cau tu chinh cua dung djeh zincat la muoi phiic kem Na 2 Zn0 2 hay 
K 2 Zn0 2 do tac dung gitfa ZnO hay Zn(OH) 2 vdi NaOH ma thanh. Su phan ly 
cua phiic nay xay ra theo tifng nac, va qua trinh dien ket tua xay ra khi phan 
cue catot du ldn : 

ZnO + 2 NaOH = Na 2 Zn0 2 + H 2 0 
Na 2 Zn0 2 = 2 Na + + Zn0 2 2 ' 

Zn0 2 2 + 2 H 2 0 = Zn 2+ + 4 OH ' . 

Neu khong co phu gia nao khac thi ldp ma se xam, san sfid ngay khi 
dung mat dg dong dien nho vj trong moi trildng kiem anot kem b) tan hoa hoc 
thanh cac hat rin nho lam due dung djeh. NhUng neu them mgt lugng nho 
muoi Sn 4+ vao cac hat kem kim loai se dude chuyen hoan toan thanh ion Zn 2+ : 

2 Zn + Sn 4+ hi Zn 2+ + Sn . 

Co the thay muoi thiec bang muoi chi hoac thuy ngan. Cac dung djeh 
nay co kha nang phan bo' kha tot, dien the be tha'p nen da tiing dUdc set dung 
trong mot thdi gian kha lau de thay the cho dung dich xyanua (d^c) ma cho 
cac vat co hinh dang phiic tap. Ngay nay ngiidi ta dung phu gia la cac chit 
hdu cd : polyetylen-polyamin, trilon B, polyetylenimin,... Chung cho phep thu 
dude ldp ma kem tot vdi mat dg dong dien cao. 

Nong do kem trong cac dung dich thudng dung la 10 - 35 g/1 tuy thupc 
dp hoa tan cua phde ban dau. Ty so gifla nong dp NaOH tong vdi n6ng dp k§m 
la 9 -10 dlg/1. NaOH trong dung djeh ton tpi d ca dang ket hpp va dang tu do. 
Lupng NaOH du can thiet dg giii cho phiic chat cd dp b§n nha't djnh; nd con 
lam tang dp din dipn va chong lgi tinh trpng ket tua cua Zn(OH) 2 trong dung 
dich. NhUng thtta nhieu NaOH qua se 1km giam hipu suit ddng dipn, ldp mp 
sin xii, anot bi hoa tan hoa hpc mpnh. 

Mit dp dong dipn ting ty lp thu an vdi n6ng dp kem va nhigt dp dung 
dich. Khuay bang khi ndn cho phep tang gidi han tren cua mat dp dong dign 
len 1,5-2 lan. Nhiet do dung dich ndn duy tri cl 50-70 °C. Chit bong cho dung 
dich zincat hien nay dupe cac nhi che tao cung cap dudi cac ten thudng mai 
khac nhau, vl du, NBZ-O, NBZ-K,... 
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Khi tang mat dp dong dipn tren 4-5 A/dm 2 anot de bj thy dpng va bj 
phu mpt ldp mang den. Con khi mat dp dong dipn thap thi hipu suat dong dipn 
catot se thap hon hipu suat dong dien anot, cho nen de on dinh thanh phan 
dung dich can giG che dp D, : D a - 1,5 - 2,0. Anot co the che tpo tU kem ky 
thuat co chUa 1 % Sn, hay 0,5 - 1% Pb. 

Bang 7.5 trinh bay mpt so dung djch mp zincat vh che dp lhm viec cua 

chung. 


Bang 7.5. Mot so dung dich ma kem zincat 


Thanh phan (g/l) dung 


Dung dich s<5 


dich va cho do ma 

1 

2 

3 

4 

ZnO 

' 

10 

15 

10 

10-17 

NaOH tong 

80 

150 . 

100 

90-120 

SnCI 4 

1 

- ’ 

- 

- 

Polyetylenpolyamin 

- 

3 

' 

- 

Trilon B 

♦ 

10 

- 

- 

Fufurol 

- 

1 ml/l 

- 

- 

Polyetylenimin 

- 

- 

1 

- 

Chht b6ng NBZ-O 

- 

- 

- 

4-6 mLfl 

Chht bong NBZ-K 

- 

- 

' - 1 

4-6ml/1 

D c , A/dm 2 

den 1,2 

0,5-3 

1-5 

1-4 

D„ , A/dm 2 

dgh 1,5 

1-3 

6-7 

1-2 

Nhiel do , °C 

50 

18-25 

50 

20-30 

Hieu suat ddng dign ,% 

“ 

80-83 


" 


Dung dich 4 cho ldp ma b6ng. Chat bdng NBZ-O chi dung khi pha mcfi dung 
djch. Chat bong NBZ-K ductc bo sung moi khi san pham ma kdm bdng. Khi ma 
quay dung m4t do dong dien D c - 0,5 - 1,5 A/dm 2 . 

Pha che dung dich: Hoa tan NaOH vho nude, dun nong den 90-100 °C. 
Sau d6 cho ZnO hay Zn(OH) 2 mdi dieu ch@ vho. Khuh’y cho tan het. Th@m nude 
den the tich tinh toan. Loc dung dich vho be bhng vht li£u chiu kiem. Thhm chc 
chu tu con lai. Thiec cho vho be dudi dpng Na 2 Sn0 3 , dupe dieu che tir SnCl 2 : 
d§ oxy hda Sn 2+ thhnh Sn 4+ phai dhng H 2 0 2 vdi ty lh Ih 2ml H 2 0 2 cho 1 g 
NaaSnOa. Xti ly dung djch bhng dong di£n cho d@n khi dupe ldp mp shng tr§n 
catot. 

Bdo ditdng dung dich : Dung dich thieu Sn 4+ ldp mp se khong shng vh 
sinh cay. Neii dung dich con Sn 2+ , ldp mp se bi den, xui; luc dd phai cho thdm 
H 2 0 2 vho dung dich. Nhung thUa H 2 0 2 hay chh't oxy hda nho khac se khong 
cho ldp ma tren toan bp be mpt catot; luc do phai xd ly dung dich bhng dong 
dien cho het chat oxy hoa, nhung neii Ihn HNQ 3 hay muoi nitrat thi phai thay 
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mdi dung djch. Tap chat mangan va crom cung i£t co hai cho dung djch. Khi 
Idp ma gai, nham phai loc sach dung djch cho het cac mun can va tap chat 
khong tan, ddng thdi phai bao anot lai. 

7.6. MA KEM TU DUNG DICH PYROPHOTPHAT 

Cau tit chinh cua dung djch la phiic chat dupe tao thanh khi cho kem 
sunfat tac dung vdi natri hay kali pyrophotphat. Dung djch cho phan cilc catot 
ldn, do dan dien cao nen kha nhng phan bo tot, ma dupe cho cac vat co hinh 
thu phitc tap. 

Khi cac cau tit ban d&u tac dung vdi nhau cho ra pyrophotphat ket tua, 
sau do n6 tac dung tiep vdi natri pyrophotphat dtt thanh phiic kem tan : 

2ZnS0 4 + Na 4 P 2 0 7 = Zn 2 P 2 07 + 2 Na 2 S0 4 

Zn 2 P 2 0 7 + 3 Na 4 P 2 0 7 — 2 Na6[Zn(P 2 0 7 ) 2 ] . 


Bang 7.6. M6t so dung dich ma kem pyrophotphat 


Thanh ph4n (g/l) dung 
dich v& che dp ma 

Dung dich so 

1 

2 

3 

4 

ZnS0 4 .7 H 2 0 

50-60 

60-70 

35-40 

90-100 

l<4P 2 0 7 . 3 H 2 0 

- 

300-330 

140-150 

300-350 

NatPjO/. 10 H 2 0 

180-200 

- 

- 


<nh 4 ) 2 hpo 4 

16-20 

45-55 

- 

- 

Na 2 HP 0 4 

- 

- 

50 

- 

NH 4 CI 

3-5 

- 

- 

50 60 

Dextrin 

3-5 

- 

10 

1.3-3,0 

Axit sunfanilic 

- 

0,1-0,5 

- 

- 

D c , A/dm 2 

1-2 

2-5 

0,3-1,0 

0 , 8 - 1,2 

D„ , A/dm 2 

- 

0,5-1.0 

- 

- 

NhiStdp, °C 

50-55 

20-30 

15-30 

18-25 

PH 

8 ,0-8,3 

8 ,5-9,0 

11 , 2 - 11,6 

7,5-8,5 

HiAu suSt d6ng dipn % 

75-95 

83-92 

95 

85-95 , 


MsjLt dp dong dipn ty lp thu^n vdi n6ng dp kem vh nhipt dp dung djch. 
Thudng dung djch lhm vi§c d nhi|t d$ khoang 50 °C nhung khi c6 chd't hopt 
dpng be mat chi nen dung nhipt dp 30-35 °C. 

Anot kem c6 xu hudng de bj thu dpng, nhat la lam vi$c ct nhi$t dp 
thh'p. Chat chong thu dpng anot thudng dung la natri kali tactrat, amon 
clorua, amon xitrat. Dien tich anot khi da dung chat chong thu dpng v&n phai 
ldn gtfp 2-3 lan di£n tich catot. 
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Mot so dung dich ma kem pyrophotphat dupe gidi thigu trong bang 7.6. 
Dung dich 1 dung de ma md, nhung co the cho ldp ma bong neu them 1-3 m]/l 
fufurol va giam nhiet do xuo'ng 30 - 35 °C. Dung dich 2 mp bong. Dung dich 3 
de ma tlnh hope mat quay. Dung dich 4 neu khuay va t4ng nhiet dg den 45- 
50 °C co the tang mat do dong dien len den 5,5 A/dm 2 , nhung nhh't thiet khong 
the thay K,P.,0 7 (co dp hoa tan ldn, cho phep nang cao nong do kem len) bang 
Na 4 P 2 0 7 dupe. 

Pha che dung dich: Hoa tan natri hay kali pyxophotphat bang nude 70- 
80 °C. Hoa tan rieng kem sunfat cung b4ng nude nong. Do tur tit hai dung dich 
tren vho nhau, thoat tien sinh ket tua cua kem pyrophotphat, khuay dung 
dich cho den khi tan het, the Id lam cho kem pyrophotphat tac dung vdi lupng 
du ciia natri (hay kali) pyrophotphat thanh phufe tan. Dpi dung dich ngupi 
den nhiet d6 phong, gan loc dung dich vao be va loai bo c4n (lb K 2 S0 4 hohe 
Na 2 S0 4 ket tinh). Hoa tan rieng cac can td c6n lpi va loc vao be. Them nuPc 
den the tich chn thiet. Dieu chinh pH roi san xuat ngay, khong can ma xrf ly. 

Trong khi ma neu cudng dp dong dien giam lien -uc , do la do anot bi 
thu dong. Con neu khi thoat ra manh, higu suat done dign giam phai dieu 
chinh lai thanh phan dung dkh nhu ban d4u. Khi m4t dp dong dipn hoi 16n da 
lam ldp ma bi chay la do nhiet do dung dich thap va khu&y qua yeu. pH dung 
dich qua cao mui khai amoniac thoat ra tit bl si rfi't manh. 

7.7. HOAN TH1EN L6P MA K£M 

Kem rat hoat dong nen ldp ma kem de bi cac tac nhan hoat tinh trong 
khong khi xam thpc lam cho be mht bi 4n mon, lorn dom trdng, giam gia trj 
san pham ma. De khhc phuc hign tupng nay sau khi ma kem thirbng phai gia 
cong tiep d§ hoan thign no (ldp ma cadimi cung vay) Co nhdng each hoan 
thign ldp mp kem nhu sau . 

7.7.1. Cromat hoa 

Sau khi mp kem dem nhung rfi*t nhanh v4o dung dich oxy hda 14 natri 
cromat hay natri bicromat de tpo ra mang thu dong tren m$t ldp mp. M4ng 
gom hon hpp cac chh't c6 m4u khac nhau 14 cic oxyt cua klm, crom, cac 
hydroxyt cua kem , crom, cac mu6i v4 phhc ch4't cua chung nen c6 m4u ngii 
s4c ttr sang xanh rue rd den anh nau hong hay khong m4u, tuy thugc v4o 
thanh phan va che do cromat hoa, the la phu thuoc v4o ty lg cac hpp chat noi 
tren co m$t trong m4ng. Ldp ma cang min cang de cho m4ng thu dpng teft. 
Chieu day m4ng tir 0,25 den 0,5 pm; luc con udt mang rat mem yeu, de co tugt 
mat, sau khi say hope phdi kho b nhigt dg dudi 60 °C ni4ng se danh lai, bam 
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1/ M4u loang 167Tom dom nhi't 14 trong khe, lo, hoc ,... do dung djeh bi 
pha loang to4n bg hay eye bp. Can bo sung hoa chd't ; khuay, 14c trong khi thy 
dong; 

2/ Nhung 15 s v4n khong c6 m4u cua mang thu dong.Do thieu axit; 
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rat chac vdi ldp ma va co tac dung bao vp chong an mon, nhung kem ben cd 
hoc. Say tren 60 °C mang se mat nude ket tinh, gay nUt ne, chong in mon 
kem. De mang thu dong them sang dpp nen hoat hoa trude ldp ma bang 1 
trong cac dung dich sau : 

1/ HN0 3 10-30 g/1, nhipt dp thudng, thdi gian 5 - 15 s ; 

2/ CrO ;t 100-150 gA , HN0 3 50-70 gfl, H 2 S0 4 8-10 gA, nhiet do 
thudng, thdi gian 2 - 5 s. 

Sau khi rifa sach, cromat hoa bang mot trong cac dung djeh ke d bang 
7.7, Cudi cung nen rUa bang nude nong va thdi kho bang khong khi nong 
( <70 °C). Dung dich 1 de thu dpng cho ldp ma kem tit dung djeh xyanua. 
Dung dich 2 thu dong cho ldp ma tU dung djeh axit. Dung djeh 3 cho mang 
thu dong ben cd va nhiet. Dung djeh 4 cho mang thu dQng ben an mon cao. 
Dung djeh 5 thu dpng cho ldp mp kem da qua khU gion hydro. Co the thay 
bicromat bang 15 - 25 gA Cr0 3 nhung phai giam HN0 3 den 2-5 mlA. Dung 
djeh 6 thu dpng dong thdi tay sang nen khong can tay sang trude, dung de 
thu dpng cho vat ma tren khung treo va trong thung quay. Dung djeh 7 cho 
mang thu dong sang, sau khi thu dong trong dung dich nhy, rUa trong dong 
nude lanh, nhung vao dung djeh Na 3 P0 4 1-2 phut d nhipt do thudng. 

Bang 7.7. Cac dung dich cromat hoa ldp ma kem 


Thanh phSn (g/\) va 
che d6 Ipm vi&c 

Dung djeh sfi 

1 

2 

3 

4 

5 

6 

7 

CrOj 


100-150 

8-25 

10 




Na2Cr20 7 

200 

- 

- 

- 

15-25 

25-35 

225-275 

H 2 S0 4 (1,84) ml/1 

10 

3-7 

- 

0.5 

- 

- 

4-5 

HN0 3 (1,41) ml/1 

- 

0,75-1,0 

1,5-3 

• 

10-20 

3-5 


Axit formic HCOOH 

- 

- 

- 

24 

- 

- 

- 

Na 2 S 0 4 khan 

- 

- 

6-10 

- 

10-20 

9-15 

4-6 

Nhiet 66 , °C 

18-25 

18-25 

18-25 

15-20 

15-25 

15-25 

15-25 

Thdi gian , s 

3-10 

8-15 

_ 

3-5 

5-10 

15-60 

_ 

30-60 

10-30 


Muon dupe ldp ma kem bdng sang rpc rd hay tdy bong hoa hoc chdng 
trong dung djeh gom Cr0 3 150-250 gA + HN0 3 (1,14) 100-150 gA + H 2 S0 4 
(1,84) 20-40 gA ; nhiet dp phong, thdi gian 2-3 s, sau dd nhanh chdng rota 

sach, can thpn. 

De 14m mat mdu ngu s4c cua ldp thu dpng ma be mht v4n tr&ng, bdng, 
sau khi thu dong xong,' rua sach roi nhung v4o mot trong cac dung djeh sau : 

1/ NaOH 60- 80gA + Na 2 C0 3 30-40 gA trong 3- 5 s d nhidt dp thudng; 
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2/ NaOH 22g/l hay Na 2 C0 3 15-22 g/1 trong 10-15 s b nhipt dp 

thudng, 

3/ CrO a 150 g/1 trong 10-15 s b nhipt dp thudng. 

Sau do phai rUa ky bang nude nong roi nude lanh, thdi kho bang khi 
nong de tranh gay 6' xin, gi va hu hong ve sau, nhat la khi dung hai loai dung 
djeh dau. 

Cung co the cromat hoa bang phuefng phap anot hoa de co mau vang 
chanh trong dung dich gom : 


Na 2 Cr0 4 

70-80 gA 

NaN0 3 

20-30 g/1 

pH (dieu chinh bang xut) 

9 

Nhipt dp 

20-15 °C 

Thdi gian 

20 ph 

o a 

0,5 A/dm 2 


Cac dung dich cromat hoa nghy nay thudng dupe pha che tit cac che 
pham tong hdp co ban s&n tren thj trudn'g vUa dcin gian, tipn lpi vita cho san 
pham ch^t lupng cao, mau she da dang; Vi dp nhu Liconda , Udychro, TZC,... 
xem bang 7.8 . 


Bang 7.8. Cromat hoa h&ng cac che pham td’ng hdp 


Thanh phan {g/1) dung dich 



Dung dich stf 


va che do thu d6ng 

1 

2 

3 

4 

5 

Liconda 1 

70-80 





Liconda 21 

- 

40-50 

- 

/ 

- 

Udychro 754 

- 

- 

7,5 

- 

- 

Udychro 779 

- 

- 

- 

3-4 

- 

Udychro 775 va 776 

- 

- 

- 

- 

10 %+10% 

HNO s ddnpH 

- 

2 g/1 

1 .2-1,8 

1.44,7 

(thStfch) 

H 2 SO* dSn pH 

1 ,6-1,8 

1,5-1,8g/l 

- 

- 

1,3 

Nhiet d6 °C 

15-20 

15-35 

21-32 

'mSSM 

18-30 

Thdi gian, s 

20-40 

15-120 

5-30 

msm 

30-150 

Mdu sSc mdng 

__J 

ngO s4c 

khdng mdu, 
66ng xanh 

v&ng 

sdng xanh 
nhu crom 

den bdng 


Cac hien tUdng hit hong hay gap khi thu dpng nhU sau : 

1/ Mau loang id, 16m dom nh&'t 16 trong khe, lo, hoc ,... do dung djeh bi 
pha loang toan bp hay cue bp. Cdn bo sung hda chat ; khuay, l&c trong khi thu 
dong; 

2/ Nhung 15 s vln khong c6 mhu cua mhng thu dpng.Do thieu axit; 
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3/ Mang thu dong raau nau, de tuot khoi kem. Do thieu axit hoiic 
nhung qua lau; 

4/ Mang thu dpng mau xanh dUdng. Do khong khuay dung dich khi 
thu dong hoac thieu bicromat hay ch&'t oxy ho a; 

5/ Ldp kem bi an mon qua manh. Do thifa nhieu axit; 

6/ Nhieu chd khong co mang thu dong. Do be m£t kem ban, chUa dupe 
hoat hoa trudc khi thu dong hohc dung dich thieu axit; 

7/ Mang lam tarn den. Do ldp kem qua mong hoic dung djch ma kem 
lin nhieu tap chat kim loai, nhat la dong. 

De kiem tra nhanh chat lupng mhng, dung dung dich chi axetat 50 gA 
nho mot giot len vat ma da thu dqng va s&'y kho, sau 5 s dung giay tham hut 
kho, neu xuat hien cham den (do Pb 2+ bi Zn day ra khoi muoi) tai d6 la mhng 
khong co hoac khong dat yeu cau. 

7.7.2. Scin len ldp ma kem 

Kem (va cadimi) bao ve tot kim loai den trong khong khi sach, nhung 
trong cac hop may kin, buong kin,... co mat cac hdi chat hiiu cd (khong thoat 
ra dude) se lam hong mang thu dong va kem (hay cadimi) b; 4n mon rat 
nhanh, vi vay nhieu khi can phai sdn vecni hay sdn mau len ldp ma kem (hay 
ldp ma cadimi) . Sdn vecni (trong sudt, khong mau) thudng bam tot len cac ldp 
ma nay, nhung sdn mau, sdn men, sdn dau lai khong nhu vay. Muon cac loai 
sdn nay bam tot can phai photphat hoa (xem muc 7.7.5 va muc 19.3) hay 
cromat hoa trudc be mat kem (hay cadimi). Co the tien hanh cromat hoa nhu 
da trinh bay d muc 7.7.1 hodc trong dung djch Cr0 3 30-50 gA trong 1-2 phut 
d nhiet do thudng hay trong dung dich Cr0 3 50 gA + H 2 S0 4 5 gA trong 5-10 s 
d nhiet do thudng. 

7.7.3. Nhuom mau ldp ma kem 

Co nhieu each nhuqm mau cho ldp ma kem (va cadimi) : 

- Cromat h6a hay photphat h6a cung la mqt each nhupm mhu cho chung. 

- Nhupm cac mau th vhng sang lqc den den trong dung djch cromat hoa c6 cho 
them muoi kali cua iodat, bromua, tioxyanat, tiosunfat hay axit sunfonic; 

- Nhupm cac m&u tren cho cadimi trong dung dich axit cromic hay bicromat c6 
chUa kem clorua; 

- Nhuom mdu xanh, mhu do va cac mdu khac nhu sau ; d£u tien xu ly ldp ma 
trong dung djch axit cromic hay bicromat cd chtia axit formic, sau khi rua sach 
nhung vao dung djch thuoc nhupm (tan trong nude) cd mhu tUdng Ung; 

- Nhupm mau xanh nhat trong dung djch CuS0 4 + HC1; 
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- Nhuom mau vang nau shm trong dung dich K 2 Cr 2 0 7 8g/l + HN0 3 4 g/1 d 60- 
70 U C trong vai ba giay den 8 ph. Trade khi nhupm vat phai khd, sau khi 
nhuom ruta sgch, shy kho; 

- Nhuom mau xam sang trong dung djeh SbCl 3 10g/l + HC1 20%, sau do r&a, „ 
lau chui bang da bot udt, rda, say kho; 

- Nhuom mau den cho kem vh ldp ma kem bang each nhung chung vao dung 
djeh chfifa 60 g/1 NH 4 C1 vk 60 g/1 NiS0 4 (NH 4 ) 2 S0 4 , trong 30-60 ph. Sau khi 
nhuom tham kho bang mat cua, raa va say kho; 

- Nhupm mau den trong hon hpp dung djeh gom hai che pham mdi Udychro 
775 va Udychro 776 cua hang Enthone Omi , Singapor (bang 7.8), ho he dung 
che pham TZC black cua hang Okuno, Nhat Ban ,... 


7.7.4. Oxy hoa ldp ma kem 

Oxy hoa kem va ldp ma kem bhng phudng phap hoa hoc cho mau den 
de tang tlnh trang siic va bao ve cho san phhm tir dung djeh ; 

KCIO3 20 g/1 

CuS0 4 .5H 2 0 200 g/1 

Nhidt dO phong 

Thai gian • 2-5 ph 


Oxy hoa dien hoa cho kem co the tien hanh trong cac dung dich sau: 


NaOH ,g/l 
K 2 Cr 2 0 7 ,g/l 
D a , A/dnr 
Nhiet do, °C 


Dung dichl 
20 

6-12 

40-45 


Dung dich 2 

60 

0,5 

15-30 


Dung dich 3 
100-110 
10-15 
3-10 
15-30 


Dung djeh 1 cho mang mau den. Dung dich 2 cho mang mhu den anh 
luc. Hop kim kem vdi nhom va dong khi oxy hoa trong dung djeh 1 phai keo 
dai thdi gian den 40-60 ph. Catot bang chi hay thep. 


7.7.5. Photphat hoa ldp ma kem 

Thudng photphat hoa ldp ma kem de ting dp ghn bam scfn, dung cho 
tracing hap an mon manh. Ban chat cua photphat hoa la de cho ldp ma kem tac 
dung vdi cac muo'i photphat axit cua mangan va sat tao thanh mang ben chhc 
co mau xam den. Co th§ pha che dung dich photphat hoa til mot che pham cua 
nha san xuat nao do va tien hanh theo hadng dhn cua ho hoac dung dung dich 
sau day se dupe mang daj’ 5-9 pm : 
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ZnO 20-35 g/1 

H 3 P0 4 20-30 g/1 

NaN0 2 1,5-2 g/1 

Nhi$t dO 15-30 °C 

Thdi gian 20-40 ph 

7.7.5. Khuf gion hydro 

Cac vpt bang thep cacbon khi ma kem se bj tham hydro vd trcf nen 
ciing, gion, de gay, de bong ma,.., rat nguy hai doi vdi vg.t ma la nhip, Id xo ,... 
Hien tiidng gion hydro cang tram trong khi ma trong cac dung djch co hieu 
suat dong dien thap ( nhu xyanua chdng han). De khu gion hydro, sau khi 
ma kem phai gia cong nhiet. bang each tang nhiet do vat ma len tic tic theo che 
do nhu sau : 

- Doi vdi vat bang thdp co do ben keo 900-1400 MPa hay thep bien dang,... can 
u d 180-200 °C trong 2-3 h; 

- Doi vdi thdp da tham than sau khi ma kem edn u 6 140-160 °C trong 3 -4 h; 

- Doi vdi vat co mol han (bang kim loai co nhiet do nong chay cao hdn nhiet do 
u.) thi khi li can nang nhiet do len tic tic va khong de lau qua 3 h. 

7.8. BOC LOf MA KEM HONG 

Ldp ma kem tren nen thep bj hong co the hoa tan trong HC1 5-10% co 
cho them Sb' i+ vao de han che nen thep bi an mon. 

Hoa tan ldp mp kem hong trong NaOH 10-15% nen thep khong bi an 

mon. 

Hoa tan hda hoc ldp ma kem tren nen thdp bi hong bang che' phim mdi 
Udystrip 402 diidc gidi thieu 6 muc 11.5. 
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Chtfcfng 8 

MA CADIMI 

* 


Cadimi (Cd) la kim loai mau trlng bac c6 anh xanh, deo hdn kem, chju 
can keo, ep dap, nong, ren,... rat tot. Ldp ma Cd gin bam tot vcti nen kim loai, 
chiu mai mon t6t. Cd co trong ludng nguyen td 112,41, hoa trj 2 trong tat ca 
cac hop chat cua no, cl iron g ludng dien hoa cua Cd 2 ' 2,214 g/Ah, trong ludng 
rieng y~ 8,6, nhilt do nong chay 321 °C. Do cftng cua ldp ma Cd II 0,6 - 1,5 
GPa. Dion trd rieng 0,076.10'"’ am. Dien the tieu chuan -0,403V, gin vdi dien 
the tieu chuln cua Fe (-0,440V), nen tinh chit bao v| cua Cd thaiy doi theo 
dien kien cu the cua moi trUdng. Nhu d dieu kien binh thitdng Cd la ldp ma 
catot doi vdi sit thep, the la chi bao v| dupe khi ldp ma kin, trong khi do a moi 
trUdng nude bien, co mat cac ion Cl ’ va SO/ “, dien the Cd trd nen am hdn , 
do do Cd lai bien thanh ldp ma anot, bao ve dien hoa doi vdi sit thep. Chinh vi 
vay ma Cd bao ve cac cong trinh trong mtdc bien, vung khi hau bien hay ndi co 
mu muoi tot hdn kem. 

Trong khong khi kho rao, Cd gid dUdc ve sang, dpp kha lau; nhung 
trong khong khi Ira chung mau chdng bi md di mpt it do tao thanh ldp oxyt 
mong tren mat, ldp nay giu cho Cd khong hi tiep tuc oxy hoa nen vln con gid 
dude ve dep cha ldp ma kha lau, ve mat nay no hdn hin ldp ma kem. 

Trong vung edng nghiep, khong khi co chiia sunfua nen Cd bj phu mpt 
ldp cadimi sunfua de tan trong nude, bi ni/dc mita rua troi v4 tiep tuc bi an 
mon. Cho nen trong vung cong nghiep Cd lai bi pha huy nhanh hdn kem td 1,5 
den 2 lira Cung khong nen de ldp ma Cd tiep xuc vdi nhien lieu, dlu md tong 
hdp, chat deo va chat hflu cd da lao hoa .... vi chung se tilt ra cac chat xam 
thiic lam hu hong ldp ma Cd. 

Trong cac axit vo cd, Cd hoa tan cham hdn so vdi Zn. Cd hoa tan manh 
nhlt trong HNO^, va khong tan trong kiem nhu Zn. 

San pham an mon Cd va hdi cua no doc vdi cd the con ngudi nen khong 
dude dung Cd de chong an mon cho cac dung cu nha bep, cac dung cu dung dd 
uong .... Khi due anot Cd phai tien hanh ndi thoang gio va khong dUdc dun 
qua 400 "C.Khi pha che dung dich ma Cd phai tuan thu cac quy djnh ve an 
toan va bao ho lao dong. 

Gia Cd rat dat, nen no dude dung rat han che. Chi nhutng may moc, 
thiet bi dit tien cua nganh hang hai, cang bien, dao noi,... luon lam viec trong 
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dieu kien hdi va nude man. hay cac vat bang thep 16 xo co do ben cao, lam viec 
khong qua 250 ’C d vung nhiet ddi bien, hoac cac tiep diem cua thiet bj di$n 
(vi Cd dl han va dien trd tiep xuc be) mdi ma cadimi. Ngoai ra nhfing 
tritdng hdp sau day cung co the ma Cd : cac ren ghep can no'i that khit, lam 
viec dudi 250 °C: chohg an mon dien hoa cho cac mat tiep xuc giiia dong vdi 
nhom hay vdi thep. Cd the ma Cd len thep, dong, nhum va cac hdp kim cua 
chung. 

De nang cao tinh bao ve cho ldp ma Cd co the cromat hoa chung nhu da lam 
vdi ldp ma kem, luc do mau sac, hinh thdc se dep them len (nhung khong nen 
dung cho cac tiep diem). Ldp ma Cd cung co the dem photphat hoa, sdn, 
phu men ,... nhu ldp ma kem. Khi ma cadimi xong vat ma cung bj gion hydro, 
va cung co the khu gion hydro bdng each u nhiet d 180 - 200 °C, rieng do'i vdi 
be mat da tham than can ha thap den 140 -160 °C. 

Chieu day ldp ma Cd thudng tif 12 den 18 pm, tritdng hqp can thiet 
lam co the den 30 hay 40 pm. 

Cung nhu ma kem, cadimi ditdc ma ttt cac dung djeh ddn : sunfat, 
floborat,... hoac tit cac dung dich phde : xyanua, amoniacat, pyrophotphat,... 
Cac dung dich ddn dUdc dung nhieu trong cong nghiep de ma cho cac vat cd 
hinh dang ddn gian, cho hieu suat dong dien cao (-100%), nhung ldp ma tho, 
phai dung cac chat hoat dong be mat de cai thien no. Dung dich phvtc xyanua 
thong dung nhat, cho ldp ma min, ma dUdc cho cac vat co hinh dang phUc tap, 
nhung hieu suat dong dien thap, doc hai. Nhitng dung djeh phUc khac co the 
thay the cho dung dich xyanua doc hai, nhitng vdn gay d nhidm nitdc thai, rat 
khd khfir phuc, 

8.1. MA CADIMI TIT DUNG DICH SUNFAT 

Chi ma cho cac vat cd hinh dang ddn gian, cho toe do ma cao, hidu 
suat dong dien Idn, it bi gion hydro. 

Chieu day ldp ma 5 tinh theo cong thUc (6.4) hay cong thUc gan dung 

sau : 

= 25 H.t.D c , pm, (8.1) 

trong do H - hieu suat dong dien (thudng tit 0,96 -0,98), %; 
t - thdi gian ma, h; 

D, - mat do dong dien catot, A/dm 2 . 

Cau tie chink cua dung dich nay la cadimi sunfat. Dp hoa tan cua no c( 
nhiet do thitdng 16 430 g/1. Nong dp cua no trong cac dung dich ma co the dao 
dong tU 40 den 400g/l. Dung dkh dac cho phep ma d mat do dong dien cao va 
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chu yeu la de ma day trong cac thiet bj ma lien tuc. Binh thiibng chi ma trong 
cac dung dich loang (40-60g/l) . 

Chat hoat dong be mat lam cho Idp ma min, ting phan cue catot. Ghat 
hoat dOng be mat thudng dung II keo da, gelatin, DSU, DS-10 

Nhom sunfat vd amon sunfat lam ting dp din dipn cho dung dich. 
Chung cimg vci axit boric co tac dung dpm, giu cho pH dung dich on djnh 
trong khoang 2 - 5,5. Khi pH cao qua, cadimi hydroxyt kho tan sinh ra tai 
vung sat catot, roi lin vao ldp ma, lam ldp ma nham, xui, bcf. Khi pH thaip 
qua, khi hydro th6at ra manh va hipu suit dong di|n giam. Mu6'n ting mat 
do dong dien ma phai dong thdi ting nhipt dp va khuay manh dung djch, 
nhtfng khong nen dung nhipt dp tren 40 °C vi 11m giam tac dicing cua chit 
hoat dong be mat. 

Bang 8.1 trinh bay mpt so dung dich sunfat ma cadimi. Dung djch 1 
rat pho bien trong cong nghipp. Dung djch 2 de ma cadimi treo, bong. Dung 
dich 3 dung de ma quay bong. Dung djch 4 ma bong, toe do cao. Dung djch 5 
ma mb, kha bn djnh. Trong tit ca cac dung djch nay : ty lp dipn tich cac cute 
S a ! S c - 2/1; pH trong khoang 3-5. 

Bang 8.1. Dung dich sunfat ma cadimi 


Thanh phan (g/l) va 
che dp ma cadimi 

Dung dich s 6 

1 

2 

3 

4 

5 

CdS0 4 .8/3 H 2 0 

40-60 


_ 

32-64 

60-65 

CdO 

- 

15-30 

10-12 

- 

- 

H 2 SO* 

40-60 

38-75 

25-30 

- 

- 

<NH 4 ) 2 S0 4 


- 

- 

- 

30-35 

At2(so 4 ) 3 .ie h 2 o 

- 

- 

- 

50-100 

25-30 

Gelatin 

- 

- 

- 

- 

0,54), 7 

ChPtbPng DS-10 

- 

- 

- 

to 

• 

Chat b6ng DSU 

- 

- 

- 

10 

- 

Chat hpng BKTO, ml/i 

- 

15-30 

10-12 


- 

D c , A/dm 2 

1-3 

1-4 

0,5-1,5 

4-5 

0,5-1 

Nhiptdp, “C 

15-30 

15-25 

15-25 

18-25 

_ 

phpng 


Pha che dung dich : Hoa tan rieng tttng clu txt, ling, loc chung vao be 
ma- Them nude den the tich du tinh. Ma xxt ly de loai tap chat vdi D c — 0,3 - 
0,8 A/dm 2 cho den khi dupe lbp ma trlng. Them chit hoat dpng be mlt, chit 
bong, chinh pH vi bit dau san xult. 


6 -CNMO 
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Cac hien tUOng thitting gap trong qua trinh mq : 

- Ldp mp c6 cac vet sang la do dung dich lkn Ni 2+ , Co 2+ . Can ma xit ly 
nhu da noi tren: 

- Ldp mp xui bpt den lk do pH dung djeh qua cao. Do dung dich thie'u 
chat hoat dpng be mpt hope dung mat dp dong dipn qua ldn. Cung co the do 
dung dich lkn nhieu tap chfit, khi d6 phai ma xit ly vdi D c = 0,2-0,5 A/dm 2 cho 
den khi binh thudng. Tap chat co hai nhat lk Sb, Sn, Ag, Pb .... trong dung 
djeh khong dupe phep vitpt qua 0,005% ; rieng As khong dupe qua 0,0005%. 

8.2. MA CADIMI Tl/ DUNG DICH FLOBORAT 

Thanh phan dung djeh nay gom co cadimi floborat, axit floboric vk chat 
hoat dpng be mkt . Kha nkng phan bo tot hdn dung djeh sunfat. Cho phep 
dung mat dp dong dien ldn hdn trong dung dich sunfat. Chk't hoat dong be 
mkt co tac dung kim ham qua trinh catot va tao nen ldp ma tinh the nho min, 
sang. Cac chat hoat dpng be mat hay dung la DSU va OS-20. Dung ddng thdi 
nhieu chat hoat dpng be mkt co tac dung tot hdn dung rieng tifng chat yi tao 
thanh mang hap phu kin hdn tren catot. 

Anot de ma cadimi tit cac dung dich axit (sunfat va floborat) thUdng 
che tao tit cadimi dien giai, nguyen chat. Trong moi dung dich, anot cadimi 
deu hoa tan vdi hieu suat dong dien rat cao. 

Bang 8.2 trinh bky mpt so' dung dich floborat ma cadimi : dung dich 1 
ma cadimi trong thung quay, chuong quay. Dung dich 2 ma cadimi cho vat 
bkng thep crom va thep crom-niken. Dung dich 3 ma cadimi cho cac vkt co 
hinh dang ddn gian, ldp ma co tinh the nho min, deu ( can ma xtf ly trude vdi 
D c - 1 A/dm 2 trong 10-13 h). Dung dich 4 de ma cadimi cho cac vat ga chkt 
tren khung treo trong cac thiet bi ma chuyen dong. Dung dich 5 tifng dupe sit 
dung kha lau trade day. 

Pha che dung dich : Titdng tp nhu pha dung dich sunfat. Hoa tan 
rieng tifng cau tit trong nude am. Ling, loc vao be ma. Them nude den mite 
quy dmh. Keo, gelatin phai ngam cho trUdng 1-2 ngky roi mdi hoa tan bkng 
nude nong. Cac chat hopt dpng be mat deu phai hoa tan ky trong nude ndng 
va khi cho vao be phai khuay deu. Ma xit ly bang catot lupn sdng dong thdi 
sue manh khong khi vko dung dich it nhat 2-3 h. Dieu chinh lai pH va bkt 
dau khai thac. 

Cac su co vk each khke phuc tUdng tit nhu trong dung dich sunfat. 
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Bang 8.2. Dung dich floborat mq cadimi 


Thanh phan (g/1) va che 
do ma cadimi 

Dung dich so 

1 

2 

3 

4 

5 

Cadimi floborat Cd(BF 4 ) 2 

200-220 

143-286 

143 

145 

250 

Amon floborat NH 4 BF 4 

40 

- 

105 

35 

90 

Amon florua NH 4 F 

- 

20-40 

- 

- 

- 

Axit fbboric HBF 4 

- 

chinh pH 

44 

- 

- 

Axit boric H 3 BO 3 

20-25 

- 

- 

- 

- 

Chi acetat (kiem) 2 PbC 0 3 Pb{ 0 H )2 

- 

0,06 

- 

- 

- 

Na p-Naphtylaminsunfonat 

1 

- 

- 

- 

- 

Gelatin • 

- 

1 

- 

1 

- 

DSU 

- 

- 

2-3 

- 

- 

pH 

3,5-4 

3-4 

- 

- 

2,5-3 

D c , A/dm 2 

den 6 

2,5-5,5 

4-5 

1-3 

3 

Nhietdo, °C 

phong 

phong 

phdng 

phong 

_ 

phdng 


8.3. MA CADIMI Tl/ DUNG DICH XYANUA 

Thanh phhn dung djch xyanua ma cadimi gom cac cau tvf : muoi phbc 
cadimi xyanua Na 2 [Cd(CN) 4 ],' natri xyanua NaCN, xut NaOH, chat phii gia va 
chat bong. Kha nang phan bo rat tot, ma cho cac vat lorn, 16 sau, ren, ranh, 
nhieu ngoc ngach ,... rat thich hop; cho ldp ma mjn, gan chac vcfi nen . 

Chieu day ldp ma S cung tinh theo cong th.dc gan dung (8.1), nhtfng 
hieu suat dong dien H thudng la 0,90 - 0,95. 

Chile cadimi xyanua trong dung dich phan ly nhu sau : 

Na 2 [Cd(CN) 4 ] -> 2Na + + Cd(CN) 4 2 '; 

Cd(CN) 4 2 - ^ Cd 2+ + 4CN-. 

Ion Cd"' phong dien tren catot thanh ldp ma cung vdi hydro thoat ra 
Cd 2 ' + 2 e ^ Cd; 

2H 4 + 2e ^ H 2 t. 

Nong do cadimi trong dung dich anh hudng nhieu den mat do dong 
dien cho phep va hieu suat dong dien. Vi du, b 2 A/dm 2 va nong dp cadimi la 
15 g/1 thi hieu suat dong dien la 75%, nhung neu nong do la 30 g/1 thi hieu 
suat dong dien se tang den 93%. Dung dich c 6 nong do cadimi 30 - 50g/l co the 
dung mat do dong dien len den 2 A/dm 2 . Neu dung mat do dong dipn cao hdn 
(cd 4 A/dm 2 cluing han) thi ldp ma se xau di tham chi tao thanh bot den tren 
vat ma: khi hydro thoat ra manh va hieu suat dong dien giam xuong. Vi vay 
trong dung dich xyanua, nong do cadimi co anh hifdng quyet djnh den hieu 
suat dong dien . 


83 
















NaCN trong dung dich ton tai dudi 2 dang:dang lien ket thanh phtic 
chat va dang tu do. De qua trinh ma dupe on djnh, trong nhieu dung dicb phai 
luon dam bao ty le gifta nong d§ NaCN va nong dp cadimi bkng 3,75 ± 0,4. Co 
xyanua tu do trong dung dich se lam ting kha nkng phan bo', cai thipn cau 
true ldp ma va cho p lep dung mat dp dong dien cao hdn. Thieu natri xyanua 
se lam anot bi thp dong, khi do chung bi phu mpt ldp mang thu dong kho tan, 
mau xam skm hokc den, dipn the tang len va co khi thoat ra; chat lupng ldp ma 
cung bj giam di do co cadimi hydroxyt lkn vao. NaCN con lkm thng dp dkn 
dien cho dung d|ch nua. 

NaOH trong dung dich nay chu yeu de tang d6 dan dipn; khi nong dp 
cadimi cang cao thi nong dp .NaOH dung cang ldn. Nong dp NaOH thudng 
dung trong gidi han tu 15 den 30 g/1; dkc hPn niia se lam giam hipu suat dong 
dien va chat lupng ldp ma cung xau di. 

Trong dung dich xyanua ma cadimi ckng thudng xuyen tu sinh ra 
natri cacbonat. NaC0 3 cung vdi NaOH co tac dung lam tang dp sang, bong 
cho ldp ma ; tuy nhien khi nong dp NaC0 3 tren 100 g/1 hay NaOH tren 40 g/1 
ldp ma ch&ng nhung khdng con sang bdng nUa ma trai lai se bi md, xin di. 

Bang 8.3, Dung dich xyanua ma cadimi 


Thanh phan (g/!) va che 


Dung dich so 


do ma cadimi 

1 

2 

3 

4 

Cadimi oxyt CdO 

25-40 

40-45 

165 

18-26 

Natri xyanua NaCN (King) 

80-130 

90-120 

675 

80-130 

Xut NaOH 

20-30 

- 

- . 

- • 

Natri sunfat Na2SO 4 .10H 2 O 

40-60 

40-50 

- 

- 

K4n sunfat NiS0 4 .7H 2 0 

1,0-1,5 

1 ,0-1,6 

- 

- 

Dextrin 

2-5 

- 

- 

- 

Dau thau dau sunfo hoa, g/1 

- • 

10-12 

- 

- 

BK-2S , ml/1 

- 

- 

- 

18-20 

Nhiet dd, °C 

D., A/dm 2 

20-30 

ph6ng 

phong 

phong 

- ma quay 

0,5-1,0 

- 

- 

0 ,8-1,2 ’ 

- ma tlnh 

D6ng doi chieu 

1 ,0-2,0 

1,5 

* 

1-2 

- D, A/dm‘ 

3,5 


4,3-6.5 

- 

-fc-fa, * 

5:1 

- 

15:2,5 

_ 


Phu gia Na 2 S0 4 lam cho dung dich on dinh hem. Mudi Ni vk Co co tac 
dung 1km bong ldp ma , neu co mkt ca dau thiu dau sunfo hda nQa thi ckng 
hieu qua hdn . Cac chk't tao keo nhu ho vaxelluloza hydroxyethyl thudng /hipc 
dung lam chat bdng cung vdi cac hpp chat di vong co trong lupng phan ttt ldn 
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hope cac aldehyd thdm. Ngay nay tren thi trudng c6 nhieu chat bong kha tot 
nhu Limeda BK-2S 

Bang 8.3 gidi thieu mpt so' dung dich xyanua ma cadimi. Dung djch 1 
dung rong rai trong cong nghipp, co the ma quay hay ma tinh, ma b&ng dong 
mot chieu hay doi chieu; cho ldp ma min, chat ludng cao. Dung djch 2 cho ldp 
ma kha bong; co the tu che lay chat bong. Dung djch 3 co toe do mg ldn. Dung 
dich 4 ma cadimi bong cl i cac vat co hinh dang rat phtic tap. Vat bling thep 
chiu ltfc cao khong n§n ma cadimi bong vi se tham nhieu hydro hdn, 14m giam 
nhieu do ben cd cua chung xuong. Neu bupc phai ma bong thi phai dung cac 
hop chat kali nhu KCN, KOH va them 0,3-0,8 g/1 phy gia kali metatitanat vao 
dung dich de chong tham hydro; mpt khac sau khi ma phai u nhipt de khd 
gion hydro. 

Pha che dung dich. ; Hda tan NaCN trong mot liidng nude nong it 
nhat co the dude (chu y tuan thu dung cac quy djnh ve bao hp lao dpng khi tiep 
xuc vdi NaCN doc hai). CdO hoa vdi it nude thhnh bot nhao roi rot v4o dung 
djch NaCN tren, khuay cho den khi tan het; khi do se xay ra phan ting ; 

CdO + 4NaCN + H 2 0 = Na 2 [Cd(CN) 4 ] + 2NaOH. 

Co the thay CdO bang Cd(OH) 2 mdi che (tit cadimi sunfat hay cadimi 
clorua cho tac dung vdi xut), phan dug se la : 

Cd(OH) 2 + 4NaCN = Na 2 [Cd(CN)J + 2NaOH. 

Ca hai each pha deu sinh ra mpt lupng xut tudng dUdng, vi vay khi pha 
NaOH vao dung dich phai trd bdt lupng xut da co s&n nay di. 

Sau khi da tan het, cho them NaOH, Na 2 S0 4 , NiS0 4 da hoa tan sin 
vao, khuay deu. Them 0,1-0,5 g/1 Na 2 S da hoa tan trude de kPt tua cac kim 
ioai tap chat. Them nude den the tich da dinh. Ling, loc vao be mg. Ma xit ly 
vdi catot lupn song, mat do dong dipn nho cho den khi dupe ldp mg sang; them 
chat bong va bit dau khai thac. 

Bao ditdng dung dich : Trong qua trinh vgn hanh can chu y bo sung, 
dieu chinh de giu on dinh nong dp Cd 2+ va xyanua tq do. Trudng hdp thda Cd z+ 
co the thay mpt v4i anot cadimi bing anot thep (trd) de giam dan nong dp cua 
no xuong. 

Cac moi han cua vat mg, cac vat rdi xuong day be khong vdt len ,... la 
nguon goc cua cac tgp chat cd hgi dPi vdi dung dich : Pb, Sn, Sb, Ag. Nong dp 
gidi hgn cho phep cua tgp chat asen As khPng dupe ldn hen 0,005 g/1, cac kim 
loai khac khong dupe ldn hdn 0,05 g/1, cua cacbonat phai nho hdn 100 g/1. 

Logi bo tgp chit bgc (Ag) v4 thiec (Sn) b&ng each cho bpt hay phoi kem 
vao dung djch, khuay, di yen 8 - 16 h sau d6 mg xh ly vdi D r - 0,3-0,5 A/dm 2 . 
Chi dupe logi bo bPng each dung Na 2 S de ket tua no. Chit hdu cd dupe logi bo 
'ng each loc dung dich qua than hogt tinh. 
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Dung dich lln tap chat hiiu cd d dang keo hoac thieu kiem se cho ldp 
ma gion, vi vay can ma xii ly (hay loc qua than hoat tinh) va them kiem. 

Dung dich thieu cadimi, thieu kiem hoac dif xyanua se lam giam hieu 
suat dong dien: ma lau va khi thoat ra manh. Can dieu chinh lai nong do cho 
dung. 

Dung dich thieu kiem , pH thap, thieu chat bong deu lam md ldp ma . 

Khi dung djch thieu xyanua tp do va kiem ma dung mat dp dong dien 
anot qua ldn se lam cho no b; thu dpng : anot bj phu mot mang sam mau. 
Luc do phai dieu chinh lad dung nong dp va treo them anot. 

Dung djch thieu xyanua hay nhieu cacbonat qua cung lam anot bj thp 
dpng nhUng phu ldp ket tua mau tr&ng. Khi do cdn bo sung xyanua hay cho 
Ba(CN) 2 vao de ket tua cacbonat roi loc sach dung djch . 

Neu dung dich bao hoa cadimi, du nhieu kiem va xyanua thi hieu 
suat dong dien cung giam. Can dieu chinh lai cho dung nong dp va phai vdt 
anot cadimi ra khi nghi ma hay thay bang mpt vai anot thep nhu noi d tren. 

Khi ldp ma bi gai, nham phai loc dung dich sach het cac can bln. Tot 
nhat la to chdc loc lien tuc suit trong thdi gian ma. Neu ldp ma bi phong, dop, 
bong, loi la do be mat trUdc khi ma gia cong chua dat yeu cau. 

Khi dung dich tot ma ldp ma co cac cham den hay due: Do la do dung 
mat do dong dien be qua hay khoang each gifla catot va anot gan nhau qua. 

8.4. MA CADIMI Tlf CAC. DUNG DICH KHAC 

8.4.1. Dung dich amon clorua 

Dung dich nay co kha nang phan bo' ldn, tuy khong bang dung djch 
xyanua nhUng lai khong dpc. Tat ca cac dung djch amon clorua deu cd dp 
dan dien ldn nen ma quay rat tot 

Bang 8.4 gidi thifu mdt so dung dich amon clorua mp cadimi. 

Dung dich 1 don gian, mpt dp dong di£n anot cd the len den 6 A/dm 2 ; 
hi|u suat dong dipn gin 100%; dupe dung de mp tinh va mg treo. Dung dich 2 
n$u pH cao tren 6 thi cho tinh the tho, kha nang phan bo giam rat nhieu va 
trd nln xa'p xi vdi dung djch sunfat khong php gia. Dung djch 3 cho kha ning 
phfin bd cao, tinh thi mjn, sang. Dung dich nay lam vi|c In dinh, c6 thi mg 
tmh va mg quay. Trong dung dich nay ngoai phtic amon con c6 phttc urotropin 
vdi cadimi, nhd dd ma dung dich cd them nhieu uu diem. Dung dich 4 dimg 
CdCl 2 thay cho CdO de pha che dupe de dang hdn. 
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Bang 8.4. Dung dich amon clorua ma cadimi 


Thanh phSn (g/I) va 
che do ma cadimi 

Dung d 

ch s 6 

1 

2 

3 

4 

CdO 

40 

30-40 



CdS0 4 .8/3 H 2 0 

- 

- 

40-60 

- 

CdCl2.2 H z O 

- 

- 

- 

40-50 

(NH 4 ) 2 S0 4 

250 

250-300 

240-260 

- 

NH 4 CI 

- 

- 

- 

30-40 

H 3 BO 3 


20-30 

- 

- 

Dextrin 

3 

- 

- 

- 

Tioure 

3 

- 

- 

7-10 

Gelatin 

- 

2 

- 

1-2 

Urotropin 

- 

- 

15-20 

- 

ChSt ph5n tan NF, ml/1 

0 

- 

50-100 

- 

Ch4t nhu h 6 a OS-20 

0 

- 

0,7-1,2 

- 

PH 

6.3-8.0 

5-6,8 

4-6 

4-4,5 

D c , A/dm 2 

1,5-2 

0,7-1 

0 , 8 - 1,2 

0 , 8 - 1,2 

Nhiet do, °C 

20-40 

phong 

25-30 

20-40 


Pha eke dung dich : Dung djeh amon-urotropin pha che nhtf sau. Hoa 
tan rieng CdS0 4 .8/3 H 2 0 va (NH 4 ) 2 S0 4 vao nude am. Ling gan vao be ma. 
Chat phan tan NF, urotropin va chat nhu hda OS-20 hoa tan ky vdi nude am, 
co the them dung djeh vita pha vao de 14m tan het cac cue bj von. LSng gan 
v4o be ma. Them nude den the tfch quy djnh. Dung H 2 S0 4 chinh pH den 4,0- 
5,5 roi ma xu ly vdi D c - 0,25-0,50 A/dm 2 cho den khi dat 0,5 - 1,0 Ah/lit. Cac 
dung djeh co dung (NH 4 ) 2 S0 4 cung pha che tudng tU nhu v4y. 

Dung djeh dung NH 4 C1 lam ch&'t tgo phUc pha che nhu sau . Dau tien 
che CdCI 2 trong be bang nhua : de cd 100 1ft dung djeh c4n 5 1ft HC1 (1,19) 
pha vdi 35 1ft nude rdi cho 2,8 kg CdO v4o v4 khuSy cho tan h§'t, trung hoa 
HC1 du bang NH 4 OH 25% d£n pH 4 - 4,5. Them NH 4 C1 v4o v4 khufty cho 
tan, th§m nude den the tfch quy djnh. L4ng, l<?c v4o be mg.. Them tioure, 
keo .... da hoa tan trude v4o be. Mg xd 1$ nhu da ndi did vdi c4c dung djeh 
tren. 

8.4.2. Dung djeh phtic amin 

Ligan tgo phde vdi Cd 14 polyetylen- polyamin , trilon B ( natri 
etylendiamin tetraaxetat) .... Cd ton tgi trong cac cation phtfc r4't phUc tgp. 
Cac dung djeh n4y cho kha n&ng phan bo tot, ldp ma mjn, v£t mg ft bj gion 
hydro. Nhung amin cung dpc v4 xft ly nude thai nhiim amin tudng doi khd nen 
c4n c4n nhic ky trude khi quyet djnh su dpng chung. Tuy nhi§n trong so dd 
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dung dich trilon B la ft dpc hai nhat. Thanh phan dung dich va che do ldm 
vipc cua cac dung d;ch nay nhu sau : 


CdS0 4 .8/3H 2 0, g/1 

100 

40 

Polyetylenpolyamin, ml/1 

130 

- 

Trilon B, g/1 

- 

75 

(NH 4 ) 2 S0 4> gfl 

300 

' 

Na 2 S0 4 .10 H 2 0 ,gfl 

- 

75 

NiS0 4 .7 H 2 0 , g/1 

- 

1 

pH 

8 

12-13 

D c ,A/dm 2 

0,5 

<3 

Nhidt dp , °C 

25 

phong 

Hipu suat dong dien , % 

-100 

- 


Gia trj pH cua cac dung djch nay c6 anh hildng rat mpnh : khi pH 
bang 3 chi co hydro thoat ra tren catot, khi pH 3-4 kha n&ng phan bo" rat 
thap, Idp ma tho. Vi vay tuy loai dung dich md dung pH trung tinh hay 
kiem. 

Hi#u suat dong dipn anot thudng cao hdn hipu suat dong dien catot 
mot it, cho nen sau mot thdi gian lam viec, nong dp Cd 2+ tdng len qua quy 
dinh, khi do phai dieu chinh lpi hodc thay mpt vai anot cadimi bdng anot 
grafit. 

Pha che dung dich phtic trilon B : Rot dung djch NaOH ddc vdo dung 
djch cadimi sunfat, khuay, thu dupe ket tua Cd(OH) 2 . Hoa tan ket tua nay 
bdng dung dich trilon B 20%. Dung dich thu dUdc co pH 12 - 13 do NaOH 
dupe sinh ra khi hoa tan Cd(OH) 2 trong trilon B. Tiep tuc cong vipc edn lai 
nhu khi pha che cac dung dich noi tren. 

8.4.3- Dung dich pyrophotphat 

Dung dich nay co kha ndng phan bo tUdng doi cao, khong dpc, khi cho 
them trilon B vdo dung dich se cho ldp ma tfit hdn. Thanh phdn dung dich va 
. che dp mp nhu sau : 

CdS0 4 .8/3H 2 0 18 -20 g/1 

K4P 2 0 7 . 3 H s O 120 - 200 gfl 

Trilon B 35 -38 g/1 

t) c <2 A/dm 2 

D a <0,4 A/dm 2 

Nhi£t d0 50 °C 

Pha che dung dich : Hoa tan trilon B vdo nude ndng. Hoa tan rieng 
cadimi sunfat roi trpn chung vdi dung dich trilon B. Hoa tan trong 

nude dm r6i vita rdt hdn hpp tren vdo vifa khuay deu. Khi rot cd the se sinh ra 
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ket tua Cd 2 P 2 0 7 , chat, nay tan trong K 4 P 2 O 7 du, neu khuay manh. Them nude 
den the tich da djnh, dieu chinh pH, ma xu ly. 

8.5. HOAN THlfiN LdP MA CADIMI 

8.5.1. Cromat hoa 

De nang cao dp ben chong an mon v4 de cho ldp mp th§m dpp sau khi 
ma cadimi xong can cromat hoa chung nhu doi vdi ldp ma kem vay. Trudc khi 
cromat hoa can tay sang chung trong dung dich HN0 3 1-3% hoac trong dung 
dich gom 150-160 g/1 Cr0 3 va 8 - 10 g/l H 2 S0 4 . Tay sang tien hanh b nhiet dp 
phong trong 2 - 3 s. 

Bang 8.5. Cac dung dich cromat hoa ldp ma cadimi 


Thanh phan (g/l) dung 
dich va che do lam vine 

Dung dich s 6 

1 

2 

3 

4 

5 

Cr0 3 

100-150 

17 

- 

- 

28-34 


- 

- 

50-100 

- 

- • 

h 2 so 4 

2-4 

- 

2 

- 

- 

hno 3 

- 

2,8 

- 

- 

- 

NaaSO^.IOHjO 

- 

14 

- 

- 

- 

NaCI 

- 

- 

1 

- 

- • 

CH 3 COOH 

- 

- 

- 

- 

21-26 

Natri fomiat (khan) 

- 

| 

- 

- 

56-65 

Liconda 25 

- 

- 

- 

70-78 

- 

Liconda 

- 

- 

- 

- 

48-72 

Nhiet do , °C 

phong 

phdng 

phdng 

phdng 

phdng 

Thdi gian s 

10 15 

5-7 

10-20 

6-45 

30-60 


Cromat hoa (tUc thu dpng hoa) cadimi co th§ tien h4nh trong cac dung 
dich co thanh phan giong nhu cac dung djch dung de cromat h 6 a kem (bang 
7.7). Cung co the cromat h 6 a trong cac dung djch ke d bang 8.5. Trong d 6 cac 
dung djch 1-3 cho mang thu dpng co mau ngu sic. Dung djch 4 cho mang thp 
dong khong mau . Dung djch 5 tien hanh b pH 2,9-3 ,6 cho m4ng thp dpng 
mau kaki. 

Be thu dpng phai 14m bang ch4't deo ho4c thep khong gi. Khi thu dpng 
nen khuay dung djch b&ng khi ndn; vat c&n thp dpng phai sach dau mfl, sach 
het cac dung djch dinh bam theo. Sau khi thu dpng phai rda d£u tien trong 
nude lanh, sau do rda nude am, roi say kho. Thdi gian chuyen vat tU be thp 
dong sang be rUa phai du. nhanh (<60s) dd ldp ma khong bj 4n mon qua nhieu 
va giQ cho ldp mang dUdc dep. 
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Cach thtic tien hanh thy dong, cac hu hong va each khac phuc 
racing tii nhif doi vdi kem. 

8.5.2. Nhuom mau ldp ma cadimi 

- Nhuom mau nau cho ldp ma cadimi tit dung djeh : 

Cu(N0 3 ) 2 10-15 g/1 

KMn0 4 2-5 gA 

Nhiet do 60-80 °C 

Thdi gian 1-2 ph, 

- Nhuom m4u vang cho ldp ma cadimi tit dung djeh : 

K 2 Cr 2 0 7 62 gA 

HNO s (1,2) 3,1 gA 

Nhiet dp 60-70 °C 

Thdi gian : < 1 ph cho mau nau tUdi 
2-4 ph cho mku vang 
> 4 ph cho m4u vang shm. 

Mang mau con co tac dung chong xam thuc cua khi quyen. 

8.5.3. Oxy hoa cadimi 

Oxy hoa cho cadimi hay 16p ma cadimi nhdm muc dich bao vp va 
crang site cho san phhm. Thitdng dung phitdng phap dipn hoa, th4nh phan v4 
che dO oxy hda nhit sau : 


NaOH 

25 gA 

Na 2 C0 3 

50 gA 

D a 

5 A/dm' 

Nhipt dp 

phong 

Thdi gian 

1-2 ph 


M4ng thu dupe c6 mau trhng. Phu them ldp sem trong, khong mau de ting 
th§m dp bln. 

8.5.4. Khuf gidn hydro 

Ciing nhit ma kSm, khi ma cadimi tit dung djeh xyanua cho c&c v£t 
bang thdp sg 14m cho nln thdp thflfm hydro r4't manh v4 thy m4c thdp mi dp 
deo cua chiing giam xuong nhieu hay it. Hipn tupng tha'm hydro xay ra manh 
nha't v4o luc bat dlu ma. Gia c6ng nhipt th tit (tr4nh tang nhipt dpt ngpt) cho 
v£t sau khi ma se duoi dupe hydro ra khoi nen thlp 14m cho n6 d4o trd lai: 

- Doi vdi thdp c6 gidihan bln 900-1400 MPa phai u d 180-200 °C trong 

2-3 h; 

- Doi vdi thep da qua tham than phai u d 140-160 °C trong 3-4 h; 


90 



- Doi vdi thep co gicri han ben dudi 900 MPa khong can u. 

Thong thitdng sau khi ma cac vat ma dUdc say cl 200-300 °C trong 3 h. 
Khi do 2/3 thl tich hydro da dtfdc khd, manh nhat la trong 2 h dau. 

Vi nguyeh nhan nay ma cac loai 16 xo, nhip chi nen ma trong dung 
djch amon clorua vh luc gia cong tritdc khi ma trong dung dich HC1 10% 
nhat thiet phai cho them 40-50 g/1 urotropin de tranh lam thay doi ct) txnh 
cua thep nen. 

8.6; BOCL6PMA cadimi hong 

De boc lcfp ma Cd hong co the dung dung djch sau de hoa tan no ; HC1 
(dac) 50ml, Sb 2 0 3 15g, Nddc 50 ml. 

Hodc hoa tan anot trong dung djch NaCN 10 - 15% 6 nhi$t dp thudng, 
dung moc treo bdng thep. 

Che pham mdi Udystrip 402 (cua Singapo) hoa tan h6a hoc ldp mg. 
cadimi tren nen thep rat tot (xem muc 11.5). 
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Chiidng 9 

MA THIEC 


Thiec (Sn) co mau trang bac, mem, trong lupng rieng y~ 7,28 g/cm 3 , 
trong lupng nguyen td 118,7, nhiet do nong chay 232 °C, dudng lupng dien hoa 
cua Sn 2 ' 14 2,214 g/Ah. Dien the tieu chuan Sn/ Sn 2 ' la - 0,14V, cua Sn 2+ / 
Sn 4+ 14 +0,20V, cua Sn/ Sn 4+ la +0,05V. Trong dung dich NaCl 3% thiec cd 
dien the - 0,25V. 

Trong khong khi thiec bi oxy hoa r4't cham ngay ca trong khong khi 
am cung vay. Cac dung djch axit vo cd 6 nhiet dp thUdng hau nhu khong hoa 
tan dude thiec. Chi trong HC1 d4c v4 H 2 S0 4 d4c thiec mdi hoa tan neu dupe 
dun nong. Trong cac dung djch kiem thiec khong ben, khi dun soi se hoa tan 
th4nh stanat. Cac hpp chat sunfua hau nhu khong anh hudng gi den thiec. 
Cac axit hfiu cd tao vdi thiec th4nh cac phtfc chat, luc d6 dien the cua thiec trd 
nen am hdn so vdi s4t, nghia la thiec trd thanh ldp ma anot; m4t khac thiec lai 
khong doc, do nhflng dieu do m4 ldp ma thiec dupe dung rat rpng rai trong 
cong nghiep thuc pham de bao ve mat trong cac vo do hop khoi bj an mon. 
Chinh vi vay ma 50% san ludng thiec da dUdc dung de 14m ra s4t tay che tao 
vo do hop. 

Ma thiec con dude dung v4o cac viec : bao ve day cap dong, cho'ng lai 
tac dung cua luu huynh co trong vo caosu each dien ; lam de han cac tiep 
diem: tao ra tren be mat 14m viec mot ldp de r4 khit,... Co the ma thiec cho cac 
v4t b4ng thdp, dong, nhom, hpp kim nhom, hpp kim kem. Ldp ma thiec chi bao 
ve dupe thep trong khong khi khi chung khong co 16 xop. 

Ldp ma thiec rat deq, chiu dupe cac bieh dang cd hoc nhu dpt, d4p, can, 
keo Ldp ma thiec dien hoa cd mpt d4c diem la 14 trong qua trinh bao quan , 
thiec se tai ke't tinli th4nh.cac tinh the hinh chi cd khi chieu d4i den 5 mm. 
Cac tinh the.hinh chi n4y cd the din den hipn tpdng ngln mach trong cac thiet 
bj dien tu . Toe dp phat trien cac tinh the hinh chi ay php thupc vao ban chat 
cua nen . Thay ring tr§n nen kem, ding hay dong thau, toe dp phat trien tinh 
the hinh chi cua ldp ma thiec 14 ldn nhat. L4m chay mem ldp ma thiec hay 
ma lot mot ldp mong ken trUdc khi ma thiec se ng4n chan dude su phat trien 
cua tinh the hinh chi noi tr§n. 
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Ngoai phvtdng phap ma dien, lap thiec con dupe t^o ra bang cac phUPng 
phap nhung nong, phuung phap hoa hoc (noi dien phan) hay phUPng phap 
dien phan trong muo'i n 6 ng chay,... 

9.1. MA THlfSC TIT DUNG DICH AXIT 

Cac dung d;ch axit ma thiec thucing la dung dich sunfat, phenol- 
sunfonat, floborat, halogenua 

9.1.1. Dung dich sunfat 

Dung djoh sunfat gom co cac chat thiec sunfat, axit sunfuric va cac 
chat hoat dong be mitt. Doi khi con cho them Na 2 S0 4 de tang dp dhn dipn cho 
dung djch . H 2 S0 4 cho vao dung djch dP giam bPt set thuy phan cua cac muPi 
thiec, cung nhu de kh&c phuc svt oxy hoa Sn J+ thanh Sn 4 ‘ va sinh ket tha 
nham. Cac dung djch axit khong co mat chat hdu cd khong the thu dupe ket 
tua thiec vita y vi tinh the rat tho vh phat trien manh thanh “cay 1 (dendrite) d 
goc, canh vat ma. 

Khi khong c6 phu gia, phan cue catot trong dung dich axit rat be, tinh 
the thu dupe rat tho, rdi rac; ngay khi dung matt dp dong dien kha nho cac 
tinh the vSn phat trien rapt each rieng re va co the vuon dai sang tan anot, gay 
ngin mach gifla cac cue. Nhung khi cho them axit crezolsunfonic va nhat la co 
them ca keo da nda thi phan cUc catot tang len den 500 - 600 mV va hipn 
tupng sinh “cay" cung mat di, IPp ma trd nen phhng, nhSn, min, gan bam tot. 

Ma thiec tit dung djch axit co them chat hoat dong be mat thi kha 
nang phan bo' tang len rat cao, co the ngang vPi dung dich dong xyanua. Hipu 
suat dong dien 90-98%. 

Qua trinh anot dien ra vdi phan cue be, thiec chuyen vaP dung dich 
chu yeu d dang ion hoa trj hai. BP mat anot dupe phu mot letp mun den, mong, 
di rcta sach. O’ mat do dong dipn cao, be mat anot lp ro cau true tinh the vh 
khong thay co mang anot niita. Hieu suat dong dien anot thudng ldn hdn hieu 
suh't don g dien catot. 

Nong do thiec sunfat thay d 6 i trong khoang 30-60 g(l khong anh hudng 
gi den qua trinh catot. Nong do thiec sunfat thap se lam giam gidi hpn tren 
cua mat dp dong dien lam viec xudhg, nhung lai cho kha nhng phan bo tot hoa. 
Nong do thiec sunfat cao, anot thiec de bi thu dpng. 

Axit sunfuric co tac dpng nang cao dp dan dipn cua dung dich , khhc 
phuc su thuy phan dung dich nen giam dupe dp nham cho ldp ma . Nong dp 
H 2 S0 4 co the thay doi trong gidi han 20-100 g/1. Nong dp axit be thi thiec 
unfat de co ngviy cp bi thuy phan va bi oxy hoa; nhung ndng dp axit ldn qua 
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lai lam giam hieu suat dong dien , php gia keo mau bj ph&n huy vk anot de bj 
thu dOng. 

Natri sunfat doi kbi dude dimg de nang cao dp din dien, giam dp phan 
ly cua thiec sunfat. Hien nhien nhUng chdc n&ng nay deu co cf axit sunfuric . 

Chieu day 8 ldp ma thiec tit cac dung dich axit dupe tinh theo cong 
thtic (6.4) hay tinh gan dung theo cong tilde sau : 

6 = 30 ,H.t.D c , (a.m, (9.1) 

trong do H - hieu suat dong dien (thudng td 0,90-0,98), % ; 
t - thdi gian ma, h ; 

D, - mat dp dong dien catot, A/dm . 

Thanh phhn va che dp ma cua mpt so dung dich thiec sunfat dupe gidi 
thieu trong bang 9.1. 

Dung dich 1 va 2 cho ldp ma md, nh&n. Dung dich 3,4 va 5 cho ldp ma 
bdng. Cac dung dich sunfat ma thiec c6 xu hudng di ling thhnh ldp : nong do 
thiec a cac ldp phia dudi co the dSc gap 3-4 ldn ldp dung dich gan mdt thdang, 
vi vay edn phai khudy de tron deu nong dp dung dich . 


Bang 9.1. Dung dich sunfat ma thiec 


Th^rth phln (g/l) dung 
dich va che do ma 

Dung dich s<5 

1 

2 

3 

4 

5 

SnS0 4 

40-50 

25-50 

25-50 

25-60 

35-45 

h 2 so 4 

50-80 

80-100 

80-100 

50-160 

120-180 

NajSC^ 

30-50 

- 

- 

- 

- 

OS-20 

2-5 

- 

- 

- 

- 

Cresoi tho 

- 

8-10 

- 

- 

- 

Keo da 

- 

1-2 

- 

- 

- 

1,4- Butindiol(35%), ml/1 

- 

25-50 

3-8 


- 

Sintanol DS-10 

- 

- 

- 

3-5 

5-15 

Formalin 

- 

- 

- 

5-6 

3-5 

Axetilaxeton 

- 

- 

- 

3-4 

- 

Limeda Sn-2 

- 

- 

- 

5-10 

5-10 

Ghat san bang 13A-20 

- 

- 

2-5 

- 

- 

Rddu propagilic, ml/l 

' - 

- 

3-8 

- 

- 

Fufurol (5%) , ml/1 

- 

- 

1-3 

- 

- 

Nhietdo, °C 

phdng 

phong 

phong 

phong 

phong 

D c . A/dm 2 

1-2 

2-7 

<8 

2-4 

2-4 

D, , A/dm 2 

" 

— 


1-2 

1-2 


Cac dung dich sunfat (cung nhu cac dung dich axit khac) con dude 
dung de ma quay vi chung lam vipc d nhipt dp phong. Khi ma quay dipn the be 
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thudng len den 6-8 V, va de ldp mg kin, chdng dupe an mon, can phai ma day 
den 17-18 pm. 

Tap chat : Cac clorua, nitrat gay trd ngai cho qua trinh mg. thiec 
sunfat. Ion dong lam giam chat lupng ldp ma thiec. Cac ion chi, sit, kem, ken 
dudi gidi han cho phep khong anh hudng gi den qua trinh catot. 

Phu gia : Phai dung dong thdi hai hay ba phu gia bong mdi dupe ldp 
ma co dp bong cao. 

Ldp mg thiec hong rat nhgy vdi tgp chat cl dgng rdn : cdn, bui, nha't la 
cac hgt keo Sn 44 khong tan, do Sn 2+ bj oxy hoa ma thanh, vi vay mpt mit phai 
chong hipn tiling oxy hoa , mat khac phai dung chat keo tu dd lam sgch dung 
dich. Ldp ma thiec bong gifl dude ve dpp, kha nang de han va tinh bao vp kha 
lau. 

Che do ma : Mat do dong dipn va nhiet dp co anh hudng mgnh den 
chat lacing ldp ma. d‘ mat dd dong dien thap cho ldp ma tho, xop. Nhung mgt 
dp dong dien cao qua lgi cho ldp mg nham, 6 goc cgnh hay bi “cay”. Khuay 
dung djeh cho phep ma d mat dp dong dipn cao hdn. Khi ma thiec cho sit tay 
trong cac may ma lien hdp thUdng dung mat dp dong dien rat cao (gap 10-15 
lan) so vdi ma trong cac be cd gidi hoa thong thudng. Khi chi c&n ma mong tit 
1-2 pm thi co the dung mat dd dong dien ldn hdn so vdi khi mg day. Ting 
nhiet dp trong qua trinh lam viec cua dung dich thiec sunfat se lhm giam phan 
cric catot, giam kha nang phan bo, giam chat litpng ldp mg, ket tua tho, nham, 
san sui va dung dich kdm on dinh. 

Pha che dung dich : Hoa tan thiec sunfat vao nude nong da cho trUdc 
20-15 g/1 H 2 S0 4 dong thdi khuay lien tuc . Sau khi loc dung dich vho be mg, 
cho not ludng axit H 2 S0 4 vao. Na 2 S0 4 hoa tan vao nude roi loc chung vao be. 
Keo da ngam trUdng trong nude lgnh 1-2 ngay roi dun each thuy den 60-70 °C 
cho tan het. Cresol hay cac axit hQu cd khac can chuan bi trade de hon hpp vdi 
keo da, khuay deu va cho vao dung dich mg. Luc mdi cho vao dung dich se 
due len, nhung sau do se trong suot ngay va co mau vang lpc. Chat OS-20 hoa 
tan vao mot it nude am roi cho vao dung dich ma. Dung dich sau khi pha che 
xong phai ma xit ly d mat dp dong dien 1-1,5 A/dm 2 trong 3-5 h vdi catot lupn 
sdng- 

9.1.2, Dung dich phenolsunfonic 

Dung dich nay gom cac cau tU chinh Id thiec sunfat vd axit 
phenolsunfonic C 6 H 4 OHS0 3 H. Khi pha trpn cac cha't nay vdo nude se tgo 
thanh thiec phenolsunfonat; 

SnS0 4 + C 6 H 4 OHSO s H = Sn(C fi H 4 0 HS 03) 2 + H 2 S0 4 . 

Dung dkh nay it bi oxy hoa hdn dung dich sunfat. 
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Phu gia hitu cd : Dioxydiphenylsunfon, monobutilphenyl phenol- 
monosunfat va naphtocsol 7C dupe dung de lam cho lctp ma nhln, tinh the 
nho min, dp bong cao hope de hPn. 


Bang 9.2. Dung dich phenolsunfonic ma thiec 


Thanh phSn (g/l) dung djeh 
va che do ma 

Dung dich so 

1 

2 

3 

4 

SnSO* 


50-70 

50-70 

60 

Thi6c phenolsunfonat (tfnh ra Sn) 

25-45 

- 

- 

- 

h 2 so 4 

40-60 

- 

- 

50 

Dimetylaminopyridylmetan 

0 ,5-1,0 

- 

- 

- 

Axit para-phenolsunfonic 

- 

80-90 

80-90 

40 

Dihydroxydiphenylsunfon 


6,5-11,5 

- 

5 

Natri monobutiypheny Iphenolsunfon 

- 

0 ,4-1,0 

- 

- 

Naphtocsol 7C 

- 

- 

2-4 


p- Naphtol 

- 

- 

- 

1 

Nhietdp, °C 

30-45 

40-50 

40-50 

20-30 

D c , A/dm 2 

20-30 

20-30 

20-30 

*<10 

H»6u su3t dbng diSn, % 

90-95 
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Dung dich phenolsunfonic cho phep dung mat dp dong dien cao nen 
thich hpp de ma sat tay, khi do co the cho th6p tarn chay lien tuc vPi toe dp 160 
m/ph. 

Cac dung dich phenolsunfonic ma thiec dupe giPi thieu trong bang 9.2. 
Dung dich 1 cho ldp ma md, dung dich 2 va 3 cho ldp ma b6ng. 

Vi hipu suat dong dipn anot thUdng ldn hdn hipu suat dong dien catbt 
nen dung dich dan dan dac len, khPc phuc hipn tupng nay b&ng each thay mpt 
vai anot thiec bang anot thep cao silic khdng tan. 

9.1.3. Dung dich floborat 

Dung dich . floborat gPm cac cau tot chinh thiec floborat, axit floboric 
tU do, axit boric va mpt vai chat hoat dpng be mpt nhat thiet phai c6 mdi thu 
dupe IPp ma tot. Cac chat nPy thudng IP P-naphtol, axit cresolsunfonic, 
pirocatechin, gelatin, chat Uc che I-l-A. Thanh phan cac dung dich nay dupe 
ghi trong bang 9.3. 

Dung dich floborat cho ph6p dung mat dp dong dipn cao nen dung de 
ma thiec cho bang va day thep rat phu hpp. Hipu suat dong dipn anot vP catot 
deu bang 95-96%. Anot phai dung loai c6 dp sach cao. Ty lp S J S c = 2/1. Dipn 
the bP 1-3 V. 
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Pha chi'dung dich : TrUdc tien can dieu che axit floboric : 

4 HF + H 3 BO 3 = HBF 4 + 3 H 2 0 
tiep do cho thiec hydroxyt v;k> de hoa tan trong HBF 4 : 

Sn(OH ) 2 + HBF 4 = Sn(BF 4 ) 2 + 2 H 2 0. 

Cac chat con lai dUdc cho vao nhif da noi cl tren. 

Dung dich nay dat tien nen khong dude dung rong rai lam, nhung do 
toe do ma cho phep rat cao nen nhieu trifcing hop vln phai dung, nhat la trong 
san xuat sat tay. 


Bang 9.3. Dung dich floborat ma. thiec 


Thanh phan (g/l) 



Dung djeh so 



dung djeh va che do ma 

1 

2 

3 

4 

5 

Sn(BF 4 ) 2 

98-196 

180-200 

180-200 

200 

200 

HBF 4 tudo 

40-200 

45-60 

45-60 

50 

100-200 

. H 3 BO 3 

10-30 

25-30 

25-30 

25 

- 

f-,-naphtol 

0,5-1,0 

- 

- 

1 

1 

Gelatin 

1-3 

- 

- 

- 

6 

11 A 

- 

- 

2-3 

- 

- 

Keo da 

- 

3 5 

- 

6 

- 

Nhietdo °C 

20-40 

25 

20-40 

20-40 

20-40 

D c . A/dm 2 
- ma tinh 

<13 

<.10 

3-10 

2,5-12 

2,5-12,5 

- c 6 khuay 



- 


25-42,5 


9.1.4- Dung dich halogenua 

Dung dich nay gom dong thdi cac ion Cl ~ va F ~, cho chat lU(?ng ldp 
ma cao. Trong cac dung dich nay thiec tao thanh phttc SnF 2 " va SnF 2 Cl 2 2- . 
Khi tang nbng do F ~ phan cUc catot tang, lam cho ldp ma m|n. De tang phan 
cue hon nita. ngudi ta con cho them cac chat hoat dong be mat : gelatin, keo 
da, OS-20, axit disunionaphtalic, NH 4 CNS. Nhd phan cite catot cao va dp dan 
dien ldn ma kha nang phan bo' cua cac dung djeh nay cao hdn cac dung djeh 
sunfat va floborat, nen co the dung di ma cho cac vat co hinh dang phUe tap. 
Bang 9.4 trinh bay mot so' dung dich halogenua ma thiec. Dung dich 1 ma 
thiec cho cac vat trung binh va be . Dung dich 2 de ma tarn va day, co toe dQ 
ma nhanh. Dung dich 3 ma cac vat co hinh dang ddn gian. Dung dich 4 khi 


7-CNMB 
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pH 6 dung de ma day den 60 pm, con khi pH 2,6 dung de ma day trung binh 
(5-10 pm). Dung dich 5 co nhng suat cao, dung de ma tam hay bang chuyen 
dong lien tuc can chieu day txif 0,5 den 1,5 pm. 


Bang 9.4. Ma thiec trong dung dich halogenua 


Thanh ph^n (g/I) dung 



Dung djeh so 



dich va che <35 ma 

1 

2 

3 

4 

5 

SnC(2.2 H 2 O 

40-50 

50 

30-50 

40-60 

75 

NaF 

50-60 

30 

30-70 

40-60 

35-40 

NH 4 F 

_ 

30 

- 

- 

35 

HCI 

0,5-1,0 

3 

0,5-4,0 

0-30 

12-15 

NaCl 

5-7 


- 

20-40 

20 22 

OS 20 

- 


1-2 

0,5-5,0 

- 

Gelatin 

1,0 

- 

1-2 

- 

- 

Axit disunfonaphtalic 

- 

- 

- 

- 

1,0 

NH 4 CNS 

- 

- 


- 

0,25 

Tetrabutylamon iodua 

- 

0,065 

- 

- 

- 

Nhiet <36, °C 

D c , A/dm 2 

20-25 

70 

13-40 

20-35 

30-45 

-Khong khu£y 

0,5-1.0 

- 

0,5-1,0 

0,5-3 


- Co khuciy 

2 3 

40 

- 


<50 

Hieu su^t dong <Ji6n % 

95-98 

95 

" 


- 


Pha che dung dich: Cac muoi florua hoa tan vao nifdc, dun den 50 °C, 
sau do cho them HC1 vao de tranh thuy phan cho muoi thiec (lam due dung 
dich) . Khuay lien tuc, dong thefi cho thiec clorua va chat hoat dpng be mat 
vao. 

Tap ch-at co hai la dong va cac kiln loai duefng hdn thiec '. cac muoi 
nitrat va bui ban 

9.2. IV!A THlfec TIF DUNG DICH PVROPHOTPHAT 

Trong dung dich mu6i natri pyrophotphat, thiec tao thanh thiec 
pyrophotphat khong tan : 

SnCl 2 + Na 4 P 2 0 7 = Sn 2 P 207 + 4 NaCl. 

Neu du natri pyrophotphat thi n6 lai tan ra va tao thanh phiitc chat cua 
thiec : 

Sn 2 P20 7 + Na 4 P 2 0 7 ~ 2Na 2 Sn(P 2 0 7 ) neu pH < 4 

Sn 2 P 2 0 7 + 3Na 4 P 2 0 7 — 2NagSn(P 2 0 7 ) neu pH 8-9 
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Khi dung dich khong cd phu gia hflu ccf va ion Cl ~ thi ldp ma chi t6t 
khi dung mat do dong dipn rat nho ( dudi 1 A/dm 2 ) vi vay de ting mat dp dong 
dien va chat lacing ldp ma can phai dung cac phu gia nhu dextrin, gelatin, (3- 
naphtol, keo da .... 

Dung dich chi cho ldp ma tot khi thiec d dang ion phflc hoa trj hai. Vi 
vay de tranh Sn 2+ bi oxy hoa thanh Sn 44 can phai cho vao dung djch chat on 
d)nh nhu hydroquinon, hydrazin clorua, pyrocatechin, resorsin .... 

Dung dich sau dung de ma bong thiec : 


SnCl 2 .2H 2 0 

K<P 2 0 7 

Hydrazin clorua 
Chat thain Udt 
Keo 

“Progresse” 


130-160 g/1 
500 - 570 g/1 
15-40 g/1 
0 ,9-1,1 g/1 

1 - 2 g/1 

3 - 4 ml/1 

cl nhiet dp 16-25 °C 
cl nhiet do 40-50 °C 
b nhipt dp 60-70°C 
Co the dung tripolyphotphat thay cho pyrophotphat re hdn. 

Pha che dung dich. : Hoa tan thiec clorua vao nude da axit hoa trade 
bang HC1 , sau do khuay va rot dung djch natri pyrophotphat da hoa tan vao 
cho den luc khong sinh them ket tua. De ling va gan rda ket tua nhieu lan. 
Hoa tan tiep ket tua da rda sach bang lapng dung djch natri pyrophotphat con 


D c = 1-3,5 A/dm 2 
D, = 4 A/dm 2 
D c ~ 6 A/dm 2 


lai. 


9.3. MA THlfiC Til DUNG DICH STANAT 


Khac vdi cac dung dich axit noi tren, trong dung dich kiem thiec ton 
tai d dang phde chdt, nen chung co phan epe catot ldn, kha nang phan bo 16n, 
cho ldp ma kin, mjn, Idp ma dd chay, di han khi dung nhua thong lam chat trd 
dung, nhang hieu suat dong dien thap (60-70%) va thadng phai lam vipc d 
nhiet do cao. Trong san xuat chi dung dung dich stanat vi no cho ket qua tot 
nhat. 

Cac cau td chinh cua dung dich stanat la natri (hoac kali) stanat va 
natri (hoac kali) hydroxyt. Trong dung dich nay thiec co hoa trj 4 (Na 2 Sn0 3 
hay K 2 SnOa) , neu co ldn thiec hoa tri 2 (SnO a 2 ~) se lam cho ldp ma tho, tcfi 
xop. 

NhUdc diem cua dung dich nay la toe dp ma cham (do phai phong dien 
td thiec hoa tri 4 va hieu suat dong dien thap), phai dun nong dung djch, 
anot di bi chu dong. 
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Chieu day S ldp ma tti dung dich stanat dupe tinh gan dung theo cong 

thuc : 

S = 15 H.h.D c , pm , (9.2) 

trong d6 H - hi£u suat dong dien (thudng H = 0,60-0,85) , % ; 
h - thdi gian ma, h; 

D c - mat do dong di#n catot, A/dm 2 . 

Dung dich stanat thudng dung de ma vat phdm da lap gh 6 p hoan 
chinh, cac vat co hinh dang phdc tap, trong khi do cac dung djch axit chi dung 
de ma cac ban san pham, co hinh dang ddn gian nhu tam, bang, day,... 

Dung djch stanat neu co mat thiec h 6 a tr| 2 thi chung se di ding 
phong dien trudc va tao thanh ket tua xop, tdi. Trong khi d 6 neu dung dich chi 
co Sn 4+ thi phai phan ciic den dien the kha am thiec mdi phong dien dupe, va 
luc do se thu dupe ket tua co tinh the nho mm, kin. 

Ion Sn 2+ dupe sinh ra tit qua trinh hoa tan anot. Neu hoa tan anot vcti 
mat do dong di£n be, c 6 nghla Ung vdi phan cttc anot be, thi se Uu tien tan 
thanh thiec hoa tri 2 Sn 2 *: 

Sn + 4 OH ~ - 2 e -> Sn0 2 2 ~ + 2 H 2 0. 

NhUng neu tang mat dp dong dipn len thi tren anot se sinh ra mang 
mau vang lpc, lam tang phan cue anot len, do do lam cho anot bi thu dpng bo 
phan. Luc ay anot thiec se tan thanh ion hoa tri 4 la stanat (Sn0 3 2 ~) : 

Sn + 6 OH ~ - 4e —> Sn0 3 2 + 3 H 2 0. 

Neu tiep tuc tang mat do dong dien len qua cao thi tren anot se sinh ra 
mang mau den va anot bi thu dong toan bp, nghla la thiec khong tan dupe nda 
ma chi co ion OH "phong dien giai phong ra oxy ma thoi : 

4 OH - 4e -> 2 H 2 0 + 0 2 1. 

Vi vay khi ma thiec trong dung dich kiem dieu toi quan trong la phai 
glut cho anot c(trang thai thp dong mot phan (tUc anot bi phu mang mau vkng 
luc) de cho no hoa tan thanh ion thiec hoa tri 4 (Sn0 3 2 ~). Cung c<5 the tranh 
sinh ra thiec hoa tri 2 bang each dung anot khong tan, nhifng giai phap nay 
khong tien lam vi phai thudng xuven phan tlch, bo sung, dieu chinh nong do 
Sn0 3 2 - cho dung dich . 

De co anot thu dong bp phan phai tien hanh thu dpng rieng timg anot 
mot trong dung dich kiem (ho&c ngay trong dung dich ma) cf mat dp dong dien 
cao. Ket qua la phan hoat dpng con lai cua anot bi thu hep nen mat dp dong 
dien tai d 6 dupe tang len, dam bao cho vide tan thhnh Sn0 3 2 ~ Muon giu 
anot luon d trang thai thu dpng bo phan nhu vay va mang anot khong bi tan 
khi ngUng lam viec, edn phai : 

- nhac anot ra khoi be’ mu va ngam vho nude moi khi nghi viec; 
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- khi nhac anot ra khoi b§ ma hay daf no trcl lai deu phai tien hanh d tinh 
trang be co dong dien chay qua. 

N6ng do Na 2 Sn0 3 khong anh huclng gi nhieu den dang ve ben ngoii 
16p ma . Nong do Na 2 Sn0 3 cao cho phep dung mat do dong dien ldn hdn, hieu 
suit dong dien catot cao hdn, nhung hieu suit dong dien anot lai giam di doi 

chut. 

Nong do NaOH rat quan trong . Ting nong do NaOH se lam tang phan 
cue catot, ting kha nihg phin bo, giam hieu suit dong di|n catot, mit khac 
lai lam giam phan ctfc anot, lim cho anot hoat dong hdn; vi vay khi do muon 
cho qua trinh ma dUdc binh thudng phai giam mat do dong dien catot dong 
thdi phai ting mat d6 dong diin anot l§n. Nong dd NaOH qua du se lam cho 
ldp ma toi, xop. 

Trong dung djeh stanat litdng Na 2 C0 3 dan dan ting l§n do NaOH hap 
jjhu khi C0 2 trong khong khi mi thinh. Dung djeh stanat vin lam viec binh 
thifdng khi nong do Na 2 C0 3 chua vUdt qua 60-70 gA . Neu dung djeh dupe 
dung KOH de pha che thi anh httdng cua cacbonat khong dang ngai. 

Natri (hay kali) axetat doi khi dude dung trong dung dich stanat de 
ting tinh aem cho no. 

Mit do dong dien ting se lam giam hieu suit dong dipn cua dung dich 
stanat, nhat la khi nong do Na 2 SnO ;J thap va nhiet do dung dich thap. Vi 
nhling ]y do do ma khong nen dung mat do dong dien ldn d cac dung dich 
loang (xem bang 9.5). 

Bang 9.5. Mq thiec tit cac dung dich stanat 


Thanh phan (g/l) dung 
- dich v& ch§ <J6 ma 

Dung dich so 

1 

2 

3 

4 

5 

6 

Na2$n03. 3 H 2 O 

80 

.. 

. 

. 



NajSniOHJe. 3 H z O 

- 

- 

28-90 

- 

- 

- 

K 2 Sn(OH)« 

- 


- 

150-165 

196-200 

390-430 

SnCI* 

- 

107 

- 

- 

- 

- ■ 

NaOH 

•12,5 

90 

7-15 

- 

- 

- 

KOH 

- 


- 

20-25 

15-30 

15-30 

NaCH 3 COO 

- 

15 

10-20 

- 

- 

- 

Nhifitdfi °C 

75 

65-70 

60-80 

80-90 

70-90 

70-90 

D c . A/dm 2 

1 

1,5-2 

0,5-1,5 

6-10 

<16 

40 

Hiiu suit dbng diin, % 

80 


50-70 

80-90 

“ 

" 
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Nhipt dp co anh hiring nhie'u den qua trinh ma tit dung dich stanat. 
Tang nhiet do se lam tang hieu suat dong dian vl giam dupe dien the tren be 
ma. 

Anot dung trong dung dich stanat phai co do sach cao. Khong dupe 
phep co cac tap chat asen, dong vl chi. Phai thudng xuyen lam v& sinh cho 
sach mun anot. 

Dung dung djeh kali stanat K 2 Sn0 3 co nhieu Uu diem hdn dung dich 
natri stanat Na 2 Sn0 3 , cu the la : do hoa tan cao hcfn (1,5 den 2 lan), do din 
dien tot hcfn (khoang 25%), pham vi mat do dong dien lam vipc rong hdn va 
hieu suat dong dien cao hcfn, lam viec on djnh hcfn (It bi thuy phan). Trong 
dung djeh kaU stanat, anot thiec hoa tan rat it khi dung mat do dong dipn anot 
cao, vi vay phai dung anot hpp kim Sn-1%A1. Cung nhu anot thiec , anot hpp 
kim Sn-Al nay cung phai dupe phu mang thp dpng bp phan trong qua trinh 
ma. Anot nly dupe thu dpng ngay cf mat do dong dien likm vipc. Ting him 
ludng thiec trong dung djeh se dung difpc mat dp dong dipn cao hcfn. Tdng 
ham lupng kiem KOH cung lam giam hipu suat dong dien catot, tang hipu 
suat dong dien anot, thng ngUdng mat dp dong dien bat dau lam thu dong anot 
va tang dp din dien cho dung dich . Thng nhipt do cung lam thng do din 
dipn, tang hieu suat dong diln catot va anot. 

Thanh phan dung dich stanat va che do mp dupe neu trong bang 9.5. 

Difen the be 4-6 V; be blng thep, khong can lot; ty le dien tich cac cUc ; 
S a / S c = 1/ 2. pH dung dich trfen 13 nen chi xac dinh qua lupng kiem tut do. C6 
the ma quay trong dung dich 1 nhung phai tang them kiem tu do va dung 
nhifet do 60°C. 

Pha che dung dich : Lan ludt hoa tan stanat, NaOH va natri axetat 
roi ling gan vao be ma. 

Neu dung thiec tetraclorua SnCL de pha dung djeh thi dau tien phai 
che' thhnh stanat; 

SnCl 4 + 6 NaOH = Na 2 Sn0 3 + 4 NaCl + 3 H 2 0 . 

Thiec tetraclorua hoa tan rieng vao lupng nude nong it nhat c6 the 
dupe. Hoa tan kiem cho tan hit, khuay manh va rot tit tit dung djeh thiec 
tetraclorua vlo. De ling va gpn dung djeh vlo be mp, bo chn khong tan. Phan 
tich, dleu chinh, them php gia vl bit dlu mp. 

Neu dung thiec clorua SnCl 2 de pha dung dich thi hoa tan rieng 
NaOH vl SnCl 2 trong hai bfe . Khuay cln than roi do dung dich kiem vlo 
dung dich da dun nong cua thiec clorua. Dau tifen thu dupe ket tua Sn(OH) 2 , 
chit nly sau do se hoa tan trong kiem dif thanh stanit NaSn0 2 , trong d6 thiec 
co hoa trj 2. Can phai chuyen no thlnh thiec hoa tri 4 nhef H 2 0 2 hay blng 
each dipn phan dung dich vdi anot thp. dpng bp phan . Phan tich, dieu chinh 
nong dp stanat vl kiem. 
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Neu dung thiec kim loai de pha dung dich thi cti 1 lit NaOH 50% (dung 
trong noi thep) them 34 g natri nitrat, khuay cho tan het, dun den 130- 
140 °c. 

VUa khuay vita cho tit tir thiec bpt hay thiec phoi vao. Dun den 140-180 °C, 
khuay, phan ting xay ra nhu sau : 

2Sn + 3NaOH + NaN0 3 - 2 Na 2 Sn0 3 + NH 3 . 

Sau vai ba gib phan ling, loai bo phan thiec chua tan, phan tan dupe 
chuyen vao be, phan tich, dieu chinh va them cac chat can thiet. 

Tap chat co hai : Ion thiec hoa trj 2, ion dong, chi, sht. Dong lam ldp 
ma xam den, kho han. Chi va sPt can trb tao mang thu dpng anot. Antimon 
lam lop raa bi soc den. Noi chung dung dich stanat thupc loai be ma “de tinh”, 
chiu dupe nhieu tap chat kim loai. Ma xti ly v6i mat dp dong dipn catot thSp 
va anot tro bang thep du de loaii hau het cac tap chat kim loai c6 hai cho dung 
djch stanat. 

Dung dich stanat rat kho loc, mun cpn hdu het cl dang keo, lam tic vai 
hay vat lipu loc. Mim cpn ling xuong day bl khong anh huclng gi den chat 
lupng Idp ma mien la ditng khuay dpng dung djch de chung van due len. Tuy 
nhien lau lau cung can 14ng gan dung d|ch vk loai bo bun cpn di. 

Nen dung nude mem, nude da khu khoang de pha che, bo sung dung 
djch : neu dung nude ding se sinh ket tua canxi stanat va mage stanat, vita 
ban dung djch vita hao hoa chat. Cung vdi ly do do nen rua vat ma lan cuoi 
cung trong nude mem trude khi say kho de tranh dong can ban len mpt san 
phdm lam giam ve dep ciia hang hoa. 

Hien tifxlng hut hong hay gap : 

- Ldp ma to'i, xop, khi thoat ra manh tren catot: do mat dp dong dipn 
cao qua; nong dp kiem ldn qua (can trung hoa bdt bPng axit axetic); nhipt dp 
thap qua; dung dich co mht ion Sn 2+ (cin oxy hoa no bPng H 2 0 2 10% tit 1 den 
2 ml/1); 

- Ldp mp bi cham kim, tdi bd : do dung djch lan ion Sn 2+ (can oxy hoa 
bang H 2 0 2 ; tinh lai dipn tich anot va dieu chinh cho dung; thp dpng lai anot); 

- Anot bj den : thie'u NaOH; mat dp dong dipn anot ldn qua (cin treo 
them anot da thu dpng vPo be hope giam so' lupng vpt ma; kiem tra lai cac tiep 
diem gitfa anot va cdu treo).; 

- Anot co mau trhng, dipn the be giam : do thita NaOH (trung hda bdt 
bang axit axetic); 

- Dung djch bj due, sinh cpn; cd cham trPng tren anot: nong dp NaOH 

thap; 

- Dung dich bj den slm ; lPn nhieu Sn 2+ ; nhipt dp cao qua; 

- Khi thoat ra manh tren anot, hipu suat dong dipn thap : thifa nhieu 
NaOH (can them stanat vao dung djch). 


103 



9.4. MA THI^C HOA HOC 

De ma ldp thiec mong (1 pm) cho cac vat be thifdng dung phi/dng 
phap nay. Uu diem cua each ma nay la cho ldp ma day deu tren cac vat c6 
hinh dang phiic tap, tinh di han dtidc gift lau hdn ldp ma dien. 

Vat b4ng dong, hpp kim dong dung dung dich va che do mp ke trong 
bang 9.6. 

Vat can ma sau khi tay rcta sach, detng trong gio c6 d4t s4n cac manh 
kem roi nhung vao be ma, thinh thoang x6c nhe vat trong gio. Vat ldn thi no! 
vdi tarn kem va cung nhting vao dung dich ma. Dung dich 1 co thanh phan 
don gian nhitng thdi gian ma lau. Dung dich 2 kha hop ly ve thdnh phan va 
che dp ma. Dung dich 3 co do on djnh cao. 

Ma thiec cho vat bang thdp trong dung dich gom SnCl 2 2-5 g/1 va 
Na 2 C 4 H 4 0 6 hay K 2 C 4 H 4 0 6 den bao hoa, nhiet dp 85-100 °C. Vat dung trong 
gio, nhung vao be trong 10 ph den 2 h, thinh thoang xoc nhe. 

Ma thiec cho vat bang nhom trong dung dich gom SnCl 2 30 gA v4 
NaOH 20 g/1 d nhiet do 70-75 °C trong 3-5 ph. 

Bang 9.6. Ma thiec h6a hoc cho dong, than, dong thanh 


Thanh ph£n (g/1) dung 
dich va che do ma 

Dung djeh so | 

1 

2 

3 

SnClj. 2 H 2 0 

30 

10-20 

5,5 

Tioure CS(NH ? ) 2 

- 

80-90 

50 

Axit tatric C 4 HgOg 

- 

- 

35 

Ch4t th£m d6t, mW 

- 

- 

0,1-1 

NaCI 

- 

75-90 

- 

HCI (1,19), ml/1 

- 

15-17 

- 

NaOH 

60 


- 

Nhiflt <J6 , °C 

90 

56-65 

60-70 

Thdi gian 

- — . — — — . 

2-3 h 

25-30 ph 

15-30 ph 


9.5. HOAN THI$N LDP MA THlfic 
9.5.1. Thu dong ldp ma thiec 

De nang cao dp ben cua ldp ma thiec nhat 14 s4t tay dung 14m vo do 
hpp can phai thu dpng n6 b4ng phitemg phap hoa hoc hay dipn hoa. 
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Thu dpng hoa hoc de tang do ben 6n mon dupe tien hanh trong dung 
dich gom 10 g/l CrO s va 50 g/1 H 3 P0 4 , d nhiet do 85 °C trong 10-20 ph. 
Hogc trong dung djch Na 2 Cr 2 Ov 80-100 gA 0 80-100 °C trong 10-20 ph. 

Sdt tay lam vo do hop thg dpng trong dung djch :3 gA Na 2 Cr 2 0 7 , 10 gA 
NaOH va 3,5 gA chat nhu hoa OP- 10 6 85-95 °C trong 3-5 s. 

Thu dpng dien hoa de tang do ben an mon dupe tien hanh trong dung 
dich gom 30 gA Cr0 3 va 30 gA Na 2 Cr 2 0 7 , pH 4,0-6,5,d nhiet dp 5 -80 °C, mat 
do dong dien 3-5 A/dm 2 . 

Sat tay lam vo do hpp dupe thu dpng dipn hoa tren anot trong dung 
dich NaOH 5 g/l d 20 °C va mat do dong dien anot D a = 2-5 A/dm 2 , mang thu 
dong mong dudi 0,3 urn. 

9.5.2. Nung chay ldp ma thiec 

Nung ndng chay ldp thiec ma tit dung dich kiem, day 1-2 pm, nhim 
lam giam 16 xop, tang ve dap, tang tinh de han, nhat la doi vdi ldp ma da qua 
bao quan lau ngay. 

Cac vat be difdc nung chay d 16 dipn cd nhiet dp 550 - 600 °C trong 10- 
15 s. Vat sau khi ma thiec, tam dung djch cd 5-6% chat trp dung (ZnCl 2 : 
NH 4 C1 = 3:1), say khd roi dem nung chay trong 16 dien n6i tr§n. Cung co the 
nung chay trong moi tritdng long cd nhipt dp 250-260 °C trong 1-2 s. Moi 
trudng long thitdng la dau thau dau hay hon hpp glyxerin vdi dietylamin clo 
hoa. Sau khi nung chay xong, vat dude rua nude ndng v4 say khd. 


9.5.3. Tao van hoa thiec 

Cd the trang tri be mdt ldp ma thiec bang each tao van hoa cho no. 
Nguyen ly la nung ndng chay ldp mg thiec mong (3-4 pm) roi lam ngupi thich 
hpp de thiec ket tinh lai thhnh cac tinh thd to cd hinh hoa vin, cu6i cung 16 
sdn phu d§ ben va dpp hdn. Hoa v&n co the tao ra cho ldp thiec mg tren cac 
vpt bang thdp, d6ng, nhom, hpp kim cua chung. 

Vgt mg thidc xong dem nung ndng trong m6i trudng khong khi den 
250-270 °C , tdc 16 den khi thiec bit diu chay long v6 cd m6u v6ng rdm, lpp 
tUc 16y ra khoi 16, de’ ngupi, C6u true v6 kich thude tinh the cua “van hoa” 
phg thupc v6o nhipt dp nung chay, v6o t6c dp 16m ngupi v6 v6o ban chtft kim 
loai nen hay ldp ma lot dudi ldp thiec. 

Khi chi nung ndng den x6p xi nhipt dp ndng chay cua thiec (235 °C) thi 
tren be m6t se tao th6nh cau true tinh the nho. Con khi nung lPn den 250 °C 
thi se thu dupe cau true tinh the to. 

Toe dp lam ngupi anh hUdng rat nhieu den hinh thtfc, kich thude va 
kieu dang tinh the (hoa van), nha't 16 lam nguoi cue bp nhd cac gia dd bang 
dong. Trudng hpp ldp ma thiec tren nen thep, crom v6 nen nh6m se cho hoa 
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van tinh the to. Con khi ma thiec tren ldp lot ken, kem, cadimi, dong thau, 
dong se cho hoa v4n nho. 

Sau do hien ro hinh hoa van them bang each : dung dung djeh H 2 SO 4 
5% hoat hoa be mat trong 2-3 s; rUa, roi ma thiec trong dung djeh sunfat co 
thanh phan gom 45-50 g/1 thiec sunfat, 1-1,5 g/1 keo, 3-4 g/1 phenol, D c — 
0,2-0,4 A/dm 2 , thdi gian ma hien hinh 10-20 ph. De hidn hinh dude ro can 
chu y : dimg mat do dong dien nho: nong do keo va phenol khong qua ldn (vi se 
lam md hoa van), nhung cung khong dude qua nho (vi se de sinh cay, nhat la 
luc mat do dong dien ldn); nong do thiec khong nen qua thUp (vi se chatm hien 
hinh). 

Sau khi rita sach, say kho, can phu mot ldp sdn khong mhu hay co 
mau nhitng phai trong suo't va khong bj bien mau theo thdi gian. 

9.5.4. Nhuom mau cho ldp ma thiec 

De tdng ve dep va tinh da dang cho ldp ma thiec co the nhuom mau 
dien hoa b4ng dung dich gom : NaaE^C^.lOh^O 125-150 gA, CuS0 4 .5H 2 0 
10 - 15 g/1, nhiet do 40 - 50 °C, D r = 0,005 - 0,01 A/dm 2 . 

Trong qua trinh nhuom mhng day dhn len dong thdi mhu she cua no 
cung thay doi theo thanh mpt pho mau th nau -> tim -> lam luc nhat -> 
v&ng -> cam -> do -> luc sdm -> hong . Muon cd mau nao thi chon thdi gian va 
chieu day mang titdng dug. Luu y : mat do dong dien anh hiidng nhieu den 
thdi gian nhuom va toe dp tao mang, tot nhat la dung hcquy lam nguon cap 
dien . De mau difdc dong nhat tren thiec da tao van hoa nen dung mat do 
dong dien cao 0,1-0,2 A/din : trong 1,5-2 ph dau tien, neu khong se sinh nhieu 
mau sac sd. 

9.6. BOO LDP MA THffiC HONO, 

x Boc ldp ma thiec tren nen thep bang each : 

- Hoa tan anot trong NaOH 5- 10%, d 60-70 °C, D a = 5-10 A/dm 2 ; 

- Hoa tan hoa hoc trong dung dich axit metanitrobenzonic 25 g/ 1 , 
NaOH 50 g/1, nhiet dp 70-75 °C , lh hoa tan dupe 3-5 pm; 

- Hoa tan hoa hoc trong dung dich HC1 (1,17) 1 lit, antimon oxyt 12 g , 
nude 125 ml, nhipt dp phong, 

Boc ldp mfa thiec tren nen A1 bang each hoa tan trong HN0 3 50%. 

Boc ldp ma thiec tren nen dong va dong thau bang each : 

- Hoa tan hoa hoc trong dung dich FeCl 3 75-105 g/1 , axit axetic 
(56%) 308-462 ml/ 1 , CuS0 4 134-158 g/1, nhipt dp phong; 

- Hoa tan hda hoc trong Fe 2 (S0 4 ) 3 100 g/ 1 , H 2 S 0 4 100 g/ 1 , d 75 °C ; 

- Hoa tan hda hoc bang che pham mdi Udystrip 402 cho ldp mp thiec 
tren nen thep, nen dong, nen thau dupe gicti thipu cr muc 11 . 5 . 
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Chvftfng 10 

MA CHI 


Chi kim loai (Pb) co mau xam xanh, mem va rat deo. Nhiet dp nong 
chay 327 °C; do ctitng ldp ma chi 60-90 MPa; trong lupng rieng 11,34 g/cm 3 ; 
dien trd rieng 0,21.10 6 Q.m. Trong khong khi be mdt chi mau chong bi md 
xin do tao thanh ldp mang mong chi oxyt co tac dung bao vp no khong bi oxy 
hoa tiep. Trong nude cUng be mat chi cling tao thanh mang bao ve khong cho 
no tan ra. NhUng trong nude mem chi bi hoa tan, gay 6 nhilm nude . Vi vay 
khong duoc dung chi de lam ong hay binh chda nude hn. 

Chi khong tan trong axit loang HC1 hay H 2 S0 4 vi tpo thhnh cac muoi 
khong tan PbCl 2 hay PbS0 4 , co tac dung bao ve no. Chi ben trong khong khi 
co H 2 S, S0 2 , hoi H 2 S0 4 . NhUng chi bi hoa tan trong axit d$c HC1 hay H 2 S0 4 
khi dun nong den 180 - 200 °C. Chi hoa tan mpnh trong HN0 3 , trong cac axit 
hQu cd, nhat la axit axetic, trong kiem. 

Dien the tieu chuan cua chi Pb/Pb 2 * la 0,126 V, nfin ldp m^i chi la catot 
so vdi sat vd chi bao ve dUdc sat thep khoi Sn mon khi ldp ma chi du day de 
khong con 16 thung. Ldp ma chi dupe dung de bao vp thiet bi chong lai tac 
dung cua H 2 S0 4 va cua khong khi cd chiia S0 2 va H 2 S; de chong tia X; de bao 
ve cac moc treo khi tay bong dien hoa cho kim loai trong axit sunfuric, cromic 
va photphoric; de che taw cac anot phu trong ma crom,... 

Ldp ma chi (cung nhu hpp kim cua. chi) co do chiu mai mon rat cao, he 
so ma sat kho khi chi trudt tren thep rat be (0,05-0,06), nen dupe dung cho cac 
bp doi lam vipc ma sat kho trong khong khi, trong chan khong va trong nhieu 
moi trudng xam thuc manh. San phdm mai mon cua chi khong rdi rpc va rdi ra 
ina dinh bam len chi tiet cap doi vdi nd va cd tac dpng boi trdn giua chung. 
Ldp ma chi bam tot tren nen dong va hop kim dong, con tren nen thdp lhm 6’ 
true thi phai ma ldt ken trude khi ma chi len. 

Chieu day 8 ldp ma chi cd the chon tft 3 den 2000 pm; khi chon chieu 
day nen luu y lay doi them vi chi mem de bi vet, bep khi va dhp. Chieu day 8 
cua ldp ma chi tinh gin dung theo cong thiic sau : 

8 - 33 H.t.D r , um, (10.1) 

trong do H - hieu suat dong dien , % ; 
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t - thdi gian ma , h; 

D c - mat do dong dien , A/dm 2 . 

Chi co the ma tit nhieu loai dung dich khac nhau, nhung thong dung 
nhat la dung djch floborat, flosilicat, phenolsunfonat, ngoai ra con dung dung 
dich tatrat, sunfamat Noi chung cac dung djch ma chi deu co phan cue 
catot be nen ldp ma tho, de sinh cay, de ditOc ldp ma chic, min hdn phai cho 
vao dung djeh cac chat boat dpng be mkt nhit keo da, glyxerin, nhiia thong, 
hay cac chat hUu cd khac. 

10.1. MA CHI TU DUNG DICH FLOBORAT 

Dung dich floborat ma chi, so vdi dung dich flosilicat, cho ldp ma min, chic, 
d§ bam len thep hdn; dung dich ben, kho bi phan huy hem nhUng lai dkt hdn. 

Bang 10.1 trinh bay thknh phan dung dich floborat ma chi. 

Bang 10.1. Dung dich floborat ma chi 


Thanh phkn (g/!) dung 
dich vk che 66 ma 

Dung dich s 6 

1 

2 

3 

4 

Pb(BF 4 )2 

125-200 

180-200 

220 

440 

HBF„ ti/do 

40-60 

40-45 

30 

60 

FI 3 BO 3 tif do 

10-30 

<30 

13,3 

26,6 

Keo ddng vkt 

0,5-1,0 

0,5-1.0 

0.2 

0,2 

hay pepton 

- 

- 

0 , 2 - 1,0 

0 , 2 - 1,0 

Nhiet d 6 , °C 

15-30 

15-25 

25-40 

25-40 

D c , A/dm 2 

0 ,5-2,0 

2 

2 

3 

Hieu suat dong dien , % 

100 

100 

100 

100 


Pb(BF 4 ) 2 lk c&u tU chinh, dupe di£u che tit cacbonat kiem cua chi vk 
axit floboric. 

HBF< dit (ti/ do) 1km giam chi d dpng Pb 2+ , nh&m tkng phan epe catot 
de thu dupe ldp m? c6 cflfu true nho m|n hdn, dhng dU0c mkt d$ d6ng di$n cao 
hdn, tranh dung dich bi thuy phkn vk tkng dp dkn di$n cho dung dich'. 

H 3 B0 3 du gifl cho dung dich khong sinh mirn c$n PbF s vk 1km vi$c 
dude on dinh. 

Chat hoat dpng b§' mkt {keo dpng vpt hay pepton) cho ldp ma min, 
sang, chong sinh cay. 

Mat do dong dien nen dung thkp dfii vdi cac vpt cd khe, lo, ranh, loi lorn 
de dude ldp ma tot, deu, khong sinh cay, nen ma mong ( < 25 pm) trong cac 
dung dich 1, 2 va 3. Khi can ma day (< 1,25 mm) phai gia cong be mkt trUdc 
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khi ma b4ng phun cat va dung dung dich 4. Khi can ma rat day, nhu trong 
tinh luypn chi ching han, c4n phai ting them lUdng HBF 4 tu do cao hdn nuta. 

Hieu suat dong dien catot v4 anot xap xi nhau va bang 100%, cho nen ■ 
ty le dien tich giiia anot va catot tat phai la 1/1 de gid cho nong do dung djch 
khong bj bien dong. 

Pha che dung dich : Dau tien che HBF 4 : 

4HF + H 3 BO 3 = HBF 4 + 3 H a O . 

Tiep do dieu che Pb(BF 4 ) 2 theo phan Ung : 

2PbC0 3 .Pb(0H ) 2 + 6 HBF 4 = 4Pb(BF 4 ) 2 + 2C0 2 + 4H 2 0 . 

Cung co the dung chi oxyt de pha che dung dich nay. Chung duoc nghien nho 
roi cho vao dung dich axit HBF 4 . Vi cac help chat chi chi d§ tan khi n 6 mdi 
difcic dieu che, nen tot nhat la dau tien chuydn chi vao dang nitrat roi dung 
Na 2 C0 3 de ket tua chung. Sau khi hoa tan xong, de ling r 6 i gan vao be ma. 
Them niidc den the tich da dinh, them chat hoat dpng be m$t, ma xti ly (vai ba 
gid) den khi dat yeu cau trildc khi dua vao khai thac. 

Can tinh toan dung them lupng HF va H 3 B0 3 de dam bao co du 
iitrtng HBF 4 tu do va H 3 BO , 3 du theo yeu cau cua dung djch can pha. 

Nude dung pha che dung dich phai co ham lUdng sunfat va clo thap de 
tranh sinh ket tua. 

Hipn nay cac eke pham ban san dung de ma chi thuoc loai nay la mOt 
hon hdp rin co day du cac chat va dung ty le can thiet, mua ve chi cin pha 
vao nude la dupe dung dich ma ngay. 

10,2. MA CHI Til DUNG DICH FLOSILICAT 

Dung dich flosilicat tuy da bj thuy phan, kho ma true tiep len sit thep, 

i V 

cho ldp ma tho .... nhung re hdn dung dich floborat nen van dUdc dung nhieu 
trong cong nghiep, nhat la trong dien tinh luyen chi . De tang d 6 gan bam cua 
ldp ma chi len sat thdp can phai ma lot mgt ldp dong mong. 

Cau tu chinh cua dung dich nay la chi flosilicat PbSiF ti , H 2 SiF 6 tu do 
va H3BO3. 

Nong do cua chi trong dung dich co the dao dpng trong mot gidi han 
rong van khong anh hudng gi nhieu den chat lUdng ldp ma. 

Nong do axit flosilisic tu do trong dung dich phai khong che dung quy 
dmh. Thita H 2 SiF 6 khi hydro thoat ra tren catot manh, lam giam hipu suat 
dong dien. Thieu H 2 SiF 6 dung dich dl bi thuy phan thanh HF 14 khi kha ddc, 
lam 6 nhidm moi trudng. 

Axit boric H 3 B0 3 cho vao dung dich se tao dieu kien sinh ra keo silic 
lam thng chat lupng ldp ma. 
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Chat hoat dong be mat thitcfng dung la gelatin, keo dong v§.t.... c6 tac 
dung cho ldp ma min, chohg sinh cay nhat la khi dung mat dp dong dien ldn v4 
ma day. Khi qua du chat keo Idp ma se tdi. 

Bang 10.2. Dung dich flosilicat mq chi 


Thanh ph5n (g/1) dung djeh 
va ch^ d6 ma 

Dung djeh s6' 

1 

2 

3 

PbSiFe 

80-150 

90-250 

300 

H 2 SiF 6 tp do 

20-35 

15-70 

13-20 

h 3 bo 3 

• 5-6 

5 

- 

Keo d6ng vat 

0,5-1,0 

1 

5,4 

Nhiet do, °C 

phbng 

18-40 

35-40 

D c ,A/dm 2 

1 ,0-1,2 

1-2 

0,5-8 

n 3 , A/dm 2 

- 

- 

0,5-3 

Hieu suft dong dibn, % 


90-95 

-100 


Mat do dong dien cho phep phu thuoc vao nong do chi : nong dp chi 
cang ldn cang co kha nang dung mat do dong dien cao. Tuy nhien d mat dp 
dong dien cao dung dich de bj thuy phan hcfn. Kha nang phan bo cua dung 
dich nay tUdng dudng vdi kha nang phan bo cua dung dich floborat. 

Thanh phan dung dich trinh bay trong bang 10.2 . 

Phu che dung dich : Chi floborat dupe che tit cacbonat kiem cua chi 
2PbCO a .Pb(OH)2 va axit flosilisic H 2 SiF 6 : 

2PbCO ri .Pb(OH) 2 + 3H 2 SiF 6 = 3PbSiF 6 + 2CO z + 4H z O . 

Axit flosilisic H 2 SiF 6 la san pham phu trong san xua't supe photphat, 
co ban sl.n, nhung nong dp thap (dudi 37%), vi the muon co dung djeh ma chUa 
lUdng chi ldn phai tu che lay H 2 SiF 6 : ' K ' J 

HjSiF,, dupe tao thanh tit axit flohydric va silic oxyt: 

6HF + Si0 2 = H 2 SiF 6 + 2 H 2 0 . 

Cach lam : Cho HF loc chay qua hai ldp thach anh : ldp ddu gom cac 
manh to den 0,5 cm, ldp cuoi gom cac manh vun hdn. Khi do nhiet toa ra rat 
nhieu, can lam mat blng nude da, neu khong se sinh khi HF bay ra. 

Sau do tach dung cflch PbSiF e thu dupe cho vao be, them cac cau tut 
con lai va ma xU ly. 

10.3. MA CHt Tlf DUNG DICH PHENOLSUNFONAT 

Thanh phan dung dich gom : 
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Pb(C*H 4 OHS03 ) 2 
C 6 H 4 0HS0 3 H 
Keo dong vat 
Nhiet do 
D c 


170 - 180 g/1 
20-25 
0,4 - 0,5 
18 - 60 °C 
0,5 - 1,0 A/dm 2 


Hieu suat dong dien 90 - 95 % 

Dung dich cho lefp ma sang, gin bam tot vdi nen. 

Pha chi,' dung dich : Che dung dich nay bang each cho axit 


phenolsunfonic tac dung vdi chi cacbonat: 

2C l ,H 4 0HS0 3 H + PbC0 3 = Fb(C 6 H 4 OHS0 3 ) 2 + H 2 0 + CO, 

Dung dich thu ditdc de lhng, gan vao be them litdng axit dit 
C\;H 4 0HS0 3 H , them nude den the tich da dinh, them phu gia. 

Axit C g H 4 0HS0 3 H dUdc dieu che nhit sau: Phenol dun nong den 45 °C 
trong binh phan ilng, them tit tit titng it mpt axit sunfuric die (co litdng dif) 
vao, khuay lien tuc. Khi da het axit, nang nhiet do len 100 - 110 °C , duy tri d 
nhiet do nay trong 24 h va khong ngitng khuay de phan itng sau xay ra ditdc 
triet de: 


C fi H 5 OH + H 2 S0 4 C fi H 4 OHS0 3 H + H 2 0 . 

San pbim phan itng tot phai trong suot, mau mtdc che nhat. Litdng 
axit H 2 S0 4 dit can ditdc trung hoa bang da phan. 


10.4 MA CHI TlTDUNG DICH SUNFAMAT 


Dung dich gom chi siinfamat Pb(S0 3 NH 2 ) 2 va axit sunfamic til do 
HS0 3 NH 2 , ca hai deu la chat rdn de tan. 

Dung dich sunfamat kha 6n dinh neu van hanh dung che do ky thuat. 
Khi de pH xuong qua thap hoac nhiet do len qua cao thi dung djeh bi thuy 
phan va tyo thanh amon bisunfat va chi sunfat ket tua. Cac tap chat Bi, Sb, 
Ag, As rat it tan trong dung dich sunfamat, cho nen dung dich nay dung de 
dien tinh luyen chi rat co ldi. Nen dung nong do cao de tao dieu kien tang mat 
do dong dien, thitcJng dung nfing do chi tit 110 den 165 g/1 va pH khoang 1,5. 
Phu gia cetyltrimetylamon bromit doi khi ditdc dung vdi lieu litdng 2 - 15 g/1 
de ditdc ldp ma chi (va hdp kim chi) min, bong. Thanh phan dung dich va che 
do ma nhit bang 10.3 .’Ty lp dipn tich S a / S c = 1/1 . Dipn trd rieng dung dich : 
8,5 Q.cm. Chi chn duy tri dung nong do phu gia se ditdc chat litdng ldp my dat 
yen cau. Dieu chinh pH bang axit sunfamic va amoniac. Nong do chi kiem tra 
bang phu ke hay thi nghiem trong binh Hull. 
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Bang 10.3. Dung dich sunfamat met chi 


Thanh phan (g/1) dung dich 
va che d6 ma 

Dung dich so: 

1 

2 

3 

Chi (kim loai) 

140 

54 

80 

Axit sunfamic tU do 

- 

50 

81 ■ 

pH 

1,5 

- 


Nhiet dS, °C 

24-50 

24-50 


D c , A/dm 2 

0,5-4 

0,5-4 

0,5-4 

Hieu suat dong di6n,% 

-100 

-100 

-100 


10.5. MA CHI TRONG DUNG DICH KlfiM 


Trong dung djch kiem chi ton tai cf dang natri hoac kali plumbat. Sii 
phan ly dien ra tildng til nhu trong dung dich. zincat, the la Pb(OH) 4 2+ phan ly 
de cho chi phong dien tren catot. Vi dp hoa tan cua cac plumbat rat be nen 
phai dien phan d nhiet do cao. 

Dung d;ch khong dung phu gia se cho ldp ma “cay’*. Cho thiec d dang 
stanat vao dung dich se khac phuc diipc hien tildng nay. Glyxerin lam tang 
kha nhieu do hoa tan cua chi, do tao thanh glyxerat dl tan. Glyxerin edn lam 
tang do hoa tan cho anot. Trong dung dich ma nay neu dung D, =0,5 A/dm 2 
co the' dip day den 1200 pm . 

Thanh phan dung dich va che do ma nhu sau : 


Pb (txnh ra k im loai) 
NaOH 

Sn (d dang stanat) 
Glyxerin 
Nhiet dp 


80 - 100 g/1 

140 - 180 g/1 
0,3 - 1,0 g/1 
50 - 60 g/1 
20 - 60 °C 


A-‘ 0,5-2,0 A/dm 2 

Hieu suat dong dien anot va catot deu bing 100 %. 

Anot phai dung loai chi co dd sach cao. 

De ldp ma gin bam chic vdi nen can phai ma 16t dong hay ken day 0,2 
-0,5 pm . 


Trong dung dich kiem nay cung co hien tupng cacbonat hoa do tildng 
tac giiia C0 2 vdi NaOH . Cach loai bo cacbonat dil tien hanh nhtl da noi ct ma 
kem xyanua. 

Pha che dung dich, : Dung dich kiem co the pha che theo phiidng phap 
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hoa hoc hay dien hoa. Trong phUdng phap hoa hoc ngUdi ta hoa tan chi 
hydroxyt mdi che vao dung dich NaOH ho he KOH d 80 C . Trong phUdng 
phap dien hoa, hoa tan anot kim loai chi bhng dung dich kiem d 60 °C. Catot 
thep d;it trong khoang co mang xop nghn each de ion chi nhm lai dung dich, 
khong bi ket tua lai tren catot. 

Chu y : Tat ca cac dung djeh ma chi phai difoc pha che trong dieu kien 
thong gio va an toan lao dong tot, bdi vi cac dung dich cua moi hdp chat chi 
cung nhd cac axit HF, HBF 4 , H 2 SiF 6 .... deu doc hai. 


8 -CNMB 


m 



Chufdng 11 

MA DONG 

Dong (Cu) la kim loai deo, de danh bong. Trong lUdng rieng (f) cl 20 °C 
la 8,96 g/cm 3 , trong ludng nguyen til 63,54, nhiet do nong chay 1083 “C, dien 
trcf rieng d 20 V la 1,68. 10 ' 8 Q.m. 

Trong cac hop chat hoa hoc dong co hoa tri mot hay hoa tri hai. Dudng 
lUdng dien hoa cua dong hoa tri mot la 2,372 g/ Ah, cua dong hoa tri hai la 
1,186 g/Ah. Dien the tieu chuan cua Cu/Cu 2+ bang +0.34 V, cua Cu/Cu + bang 
+0.52 V. 

Trong khong khi am, co mat cac chat xam thUc, dong de bi oxy hoa. 
Khong khi lan cac hop chat cua luu huynh, dong nhanh chong bj phu kin ldp 
CuS xam hoac nau sam. Bi tac dung cua hdi am va axit cacbonic dong dan dan 
duoc phu lop cacbonat man xanh. 

Dong hoa tan manh trong axit nitric, cham hOn trong axit cromic. Axit 
sunfuric dac, nong phan itng manh vOi dong. Nhilng trong axit sunfuric loang 
va trong axit clohydric hau nhu khong tac dung vdi dong; tuy nhien neu co 
mat oxy hay chat oxy hoa thi toe do dn mon trd nen dang kl. Dong khong ben 
trong amoniac, trong cac chat kiem khac, dong nhanh chong bj den, nhUng 
hoa tan rat cham. 

Dong co dien the duong hdn sdt, nen no la ldp ma catot doi vdi sdt thep 
(cung nhu vdi kem, hop kim kem,...) . Vi the ldp ma dong khong the bao ve be 
mat cac kim loai nay khoi an mon dien hoa duoc, ma chi bao ve chung mot 
each cO hoc, tUc la khi ldp ma khong co 16 thung, 16 xo'p ma thoi. Neu co lo 
thung trong ldp ma dong thi trong khong khi dm tai do lap tUc hinh thanh mot 
vi pin an mon Cu-Fe, trong do sdt thep (kim loai nen) la anot hoa tan va qua 
trinh an mon xay ra rat manh. 

Vi nhUng ly do Iren, nen mot khi muon dung ldp ma dong mot each doc 
lap nhu moi ldp ma bao ve - trang site khac nhat thiet phai qua cac khau gia 
cong, xix ly, hoan thien . Vi du, cac mat hang my nghe, dieu khac ,... sau khi 
ma dong xong pliai cromat hoa, oxy hoa, nhuom mau vang kim, mau nau, mau 
den .... bang phUdng phap hoa hoc hay dien hoa, roi phu sdn khong mau ra 
ngoai. 

Ldp ma dong d§ danh bong dat den do bong rat cao, lai gdn bam to't vdi 
nhieu kim loai khac nhu Ni, Cr, Ag .... cho nen dong thudng dude dung lam ldp 
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ma lot cho nhieu ldp ma khac. Ldp ma dong con dUdc dung de chong tham 
cacbon cue bo cho cac chi tiet may khi nhiet luyen. Ma ddng cung dupe dung 
trong ky thuar, in lam con chii, ma true in lorn, ma chep hinh ,... 

Chieu day ldp ma dong chon nhu sail: 


- Ma lot dudi ldp ken hay crom 

6-30 

Hin 

- Ma chong tham than cue bp cho tiet may 48-50 

fxin 

- Ma che tao bimetal dung de ddn dien 

10-70 


- Ma len kim loai den de de han 

6-30 


- Ma true in lorn 

~ 3000 

pjn 

- Ma phuc hoi 

den 3000 

|im 

- Ma chep hinh nghe thuat 

tren 1000 



u.i. madOng trong cac dung dich axit 

Dung dich axit de ma dong gom cac dung dich sunfat, floborat, nitrat, 
flosilicat, sunfamat va clorua. Chung deu c6 thanh phan ddn gian, lam viec on 
dinh, dung dupe mat do dong dien cao, nhat la khi tang nhiet dp va khuay 
manh dung dich. Hieu suat dong dien cao, xap xi 100%. 

Thanh phan chii yeu cua cac dung dich axit la muoi dong va cac axit 
tudng dng Khi ma, ion Cu 2+ phong dien tren catot d dien the kha dUdng va it 
thay doi khi tang hay giam mat do dong dien (the do phan cUc catot be), vi vay 
chiing thiidng cho ldp ma co cau true tinh the tho, to, nhung ldp ma kin, chic 
sit. 

Nhildc diem chung cua cac dung dich axit la kha nang phan bo thap 
nen chi ma cho vat co hinh dang ddn gian, va dac biet la khong the ma trvtc 
ti&'p len nin gang, thep, hdp kim kem va cac kim loai khac co dien the am hdn 
dong. Bdi vi khi nhung cac kim loai nhy vao be ma ddng axit lap tdc kim loai 
nen se dSy ion dong ra khoi muo'i cua no va giai phong thanh ldp dong kim loai 
phu kin khbp mht kim loai nen, ngay khi chua kip noi vdi dong dien ngoai, 
nhung tiec thay ldp dong thu dude do tiep xuc nay lai rat tdi, xop, nhieu lo hd, 
bam rat kem vdi nen. Vi vay trade khi ma dong til dung dich axit, cac vat bang 
sat thep, kem, hdp kim kem ,... can phai ma trade (ma lot) mot ldp ken mong 
(1-5 pm) hay ldp dong mong (2-4 pm) tif dung dich xyanua, sau do rua sach roi 
mdi ma dong axit. 

Chieu day h ldp dong ma tit cac dung dich axit tinh gan dung theo cong 
tlidc sau: 

S = 13 H.t.D r , pm, (11.1) 

trong do H - hieu suat dong dien, (dung dich sunfat thudng H = 1), % ; 
t - thdi gian ma , h; 
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D c - mat do dong dien, A/dm 2 -. 

Cong thtic nay cung dung de tlnh chieu day ldp dong ma tCt cac dung 
dich phvfc phi xyanua khac, nhUng H thUdng khac 1). 

11.1.1. Ma dong tif dung dich sunfat 


Cau tit chink cua dung dich sunfat chi co CuS0 4 va H 2 S0 4 . Ngohi ra 
con dung them phu gia la chat hoat dong be mat hay chat b6ng. 

Do ddn dien cua dung djch CuS0 4 trung hoa kha thap, vi vay phai 
them axit sunfuric vao de tang do dan dien cho dung dich ma. Bang 11.1 cho 
thay anh hi long cua nong do H 2 S0 4 den do dan dien cua dung djch ma. 

Hieu suat dong dien cua dong xap xi 100%, vi trong dieu kien nay 
hydro khong thoat ra dude tren catot. 

Tang do axit cua dung djch se lam giam do hoa tan cua CuS0 4 , do do 
din den giam ngudng mat do dong dien cho ldp ma tot. De ting nong do ion 
dong trong ldp sat catot can phai khuay dung dich; luc do co the tang dp axit 
cua dung dich len. Khuay cang manh tlii nong do axit cang phai 16n. Do axit 
cao d§ cho ldp ma min dep hdn. Tang nhiet do tuy co lam tang do hoa tan cua 
CuS0 4 nhung cung chi nen duy tri tU 30-35 “C tret xuong de dam bao chat 
lupng cho ldp ma. 

Bang 11.1. A’nh hitf’tng cua nong do H 2 50 4 
den do dan dien rieng cua dung dich, tai 25 °C 


Nong do (g/l) 

CuS0 4 .5 H 2 0 

06 dan dien rieng (a 1 cm ' ) khi nong dp (g/100cm 3 ) H 2 S0 4 tp do 

0 

5 

10 

15 

20 

0 


0,2165 

0,4069 

mm i 

0,6684 

50 

0,0148 

0,1977 

0,3714 


0,6195 

100 


0,1868 

0,3480 

— 

0,5729 

150 

■ 

0,1772 

0,3214 



200 


0,1750 

0,3017 

wm 

0,4852 


Trong khi ma, dieu dang li/u y la anh hitting cua ion dong hoa tri 1 den 
qua trinh ma va chat ludng ldp ma nhu sau ; tai vung sat anot ngoai ion Cu 2+ 
trong dung dich con co mot ltfdng rat nho ion Cu + dupe sinh ra do phan tfng : 

Cu + Cu 2+ <-» 2Cu + . 

Khi Cu 4 trong dung dich da tich tu dii ldn thi can bing phan ling tren 
dich ve ben trai va dong kim lopi sinh ra d dang hat rln, Id litng. 
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Khi dung dich khdng du axit, Cu + 6 dang muoi sunfat se bi thuy phan 
sinh ra Cu(OH) hay Cu 2 0 : 

Cu 2 S0 4 + H 2 0 = Cu 2 0 I + h 2 so 4 . 

Ket qua la dung dich bi ban bbi cac hat ran Id lvtng Cu va Cu 2 0 , 
chung lan vao ket tua catot lam cho ldp ma hj toi, nham, hay tdi, bd. 

Neu dung dich dii H 2 S0 4 se tao dieu kien oxy hoa Cu + thanh Cu 2 \ 
nhat la khi khuay dung dich bang khong khi nen : 

Cu,S0 4 + H 2 S0 4 +1/2 O, -► 2CuS0 4 + H 2 0 
Cu- 2 0 + 2 H 2 S0 4 +1/2 0 2 —> 2CuS0 4 + 2H 2 0 . 

Bang 11.2. Cdc dung dich ma dong sunfat 


Thanh ph4n (g/1) dung 
djch va che do ma 

Dung dich sd 

1 

2 

3 

4 

CuS0 4 . 5H 2 0 

200-250 

180-240 

240 250 

150-250 

h 2 so 4 

35-70 

45-60 

40-60 

50-70 

Dextrin sunfo hoa 

* 

- 

- 

■ 

Sunfurol 8 

- 

- 

- 


Chat b6ng B-7211 

3-5 ml/1 

- 

- 

- 

Chat bong UBAC 1A 

- 

1,5-2,5 

- 

- 

Chat bong LTI Avangard 

- 

- 

1-10 

- 

Ion cr 

30-75mg/l 

28-80mg/l 

30-60 

- 

Nhiet do ,°C 

18-30 

24-40 

15-25 

25-48 

D c , A/dm 2 

2-7 

3-6 

2-6 

< 8 

D a , A/dm 2 

<2,5 

1,5-3 




Vay H ; S0 4 rat cln thiet trong vipc khlc phuc sd tich tu cua Cu + va sd 
thuy phln cua muoi dong hoa trj 1. 

Phu gia trong dung dich dong sunfat thifdng dung la chat hoat dpng be 
mat va chat bong. Chat hoait dpng be mat thdng dqng la dextrin (< 1 g/1) vh 
phenol hay din suit cua nd (1-10 g/1), chung c6 tac dpng cho ldp ma min, sang, 
tranh sinh u bUdu, sin shi trgn g6c, cpnh hay cho loi cua v$t mu. Chit b6ng 
cho ma dong sunfat hipn nay c6 kha nhieu tr§n thi trUdng, cln chon chit nlo 
it gay ting suit noi nhat. ■ 

Bang 11.2 gidi thieu mpt so dung dich mg dong sunfat . Dung djch 1 
cho ldp ma bdng, kha nlng phan b6 va kha nhng an slu tucmg dli tot. Dung 
dich 2 cho ldp ma bong cao va deu, ting suit npi thap. Dung dich 3 cho ldp ma 
bong. Dung dich 4 cho ldp ma mb. 

Khi ma d mat do dong di?n cao phai khuay dung dich blng khi nln 
sach. Ion Cl ~ trong gidi han quy dmh co tac dung trd bong, neu thlp qua se 
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giarn do bong va chav tai cac cho loi, mui nhon, con neu ldn qua quy djnh se de 
sinh vet soc tren lcjp ma. Luu y trong nude thudng co sin ion Cl , can phai ke 
den lifting ion nay khi pha che, dieu chinh. 

Tap chat co hai doi vdi dung dich dong sunfat la asen, antimon, raun 
anot, cac chat hQu cd tao keo. 

Anot trong be ma bong nen dung loai co 0,03-0,06% P khi lam viec 
khong sinh mun anot. Cac be ma mb dung anot cd do sach cao (Cu 99,9%), tap 
chat khong dupe qua 0,1%. Cac hat can gay nham cho ldp ma. Nen bao anot 
bang vai polypropylen d i giut mun anot lai. Can loc lien tuc trong khi ma de 
loai bo can ban. 

Cong nghe mdi hien nay dung anot dong dang manh vuong, vien dpt, 
nhif dong xu hone khuy ao, co kich thifdc cd 25x25x10 mm. Cac anot nay dupe 
chat vao gio anot va long vao tiii vai ben hoa roi treo vao be ma . Gio anot co 
nliiem vu dan dien vao cac manh anot nhifng trd trong dung djeh do, nghia la 
khong bi hoa tan anot. Vat lieu gio anot bang titan neu dung cho be ma axit; 
doi vdi be xvanua dung vat lieu gio bang thdp khong ri. Rieng mat gio co the 
thay bang tam chat deo PVC co khoan lo, gan vao khung gio bang titan hay 
thep khong ri. Loai anot mdi nay co cac tfu diem sau : 

- Dien tich anot tang len rat nhieu, do do de tranh difdc nguy cd thu 
dong anot: 

- Trong qua trinh su dung, anot mon va nho dan, chi can bo sung them 
anot cho day gio kip thdi la luon giii difdc dien tich anot khong doi: 

- Anot difdc tan dung toi da, khong cd mau vun bo di. 

11.1.2. Ma dong tif dung dich floborat 

Dung dich nay, cung giong nhu dung djeh sunfat, co dp ben cao, ldp ma 
kin chdc: kha nang phan bo thap, chi ma cho cac vat co hinh dang ddn gian. 
Nhifng do hoa tan cua dong floborat lctn, nen cho phep dung mdt do dong dien 
cao. Cung nhu cac dung dich axit khac, dung dich dong floborat 
khong the ma trptc tiep len sat thep, hdp kim kem dupe, mh can phai mp lot 
ken hay dong tef dung dich xyanua trude khi ma trong dung dich nay. 

Bang 11.3 trinh bay mpt so dung djeh floborat ma dong. 

Cac dung dich nay co uu diem la anot tan it tao mun. Nang cao nong 
do va khuay dung dich cho phep t&ng ngUdng tren cua mat dp dong dipn catot. 

Pha che dung dich cung tien hanh tifefng tu nhif cac dung dich floborat 
khac : hoa tan H :i BO.s vao axit HF (25%) trong be nhua, khuay cho tan het; 
them dong cacbonat mdi che vao se dupe Cu(BF 4 ) 2 . Them HF va H 3 B0 3 cho 
dii lupng dif quy djnh. Dong cacbonat dieu che' bang each hon hdp cac dung 
djeh dong sunfat vdi natri cacbonat. 



Bang 11.3, Dung dich floborat ma dong 


Thanh phan (g/1) dung dich 
va che do ma. 

Dung dich so 

1 

2 

3 

Dong floborat Cu(BF 4 ) 2 

35-40 

220-230 

450 

Axit floboric HBF 

15-18 

2-3 

30 

Axit boric H 3 B0 3 

15-20 

15-16 

30 

Nhiet do , °C 

15-25 

60-70 

20-40 

D c , A/dm 2 

<10 

25-50 

<40 

pH 

1 

1,2-1,7 

0 ,2-0,6 

Hieu suat dong di§n, % 

99-100 

99-100 

" 


Kiem tra dung dich bAng each do ty trong va do pH cua no. Die'u chinh 
dung dich bang each them dong cacbonat hay natri cacbonat de nAng cao pH: 
hoac thbm HBF de giam bdt pH. 

11.2. MA Df)NG TlTCAC DUNG DICH PHUC CHXt 

Dung dich phiic ma dong thUdng co moi tracing kiem, do la cac dung 
dich xyanua, pyrophotphat, etylendiamin ,... dong nAm trong ion photo, 
thifcJng la photo ben hoac rat ben, nen khi phong dien tren catot doi hoi nhieu 
nang ludng hdn, tote phan coto catot ldn. Do d6 16p ma thu dupe co tinh the nho 
inin, phu kin deu tren cac vat co hinh thu photo tap: dac biet la ma troto tiep 
dude tren nen sat thep, kem, hpp kim kem .... khong con hien tupng thoat dong 
tiep xuc nhit trong cac dung dich axit nfia. Nhung cac dung dich photo co hieu 
suat dong dipn thap, ngudng mat dp dong dien cho phAp thap, nen toe dp ma 
cham. 

11.2.1. Ma dong dung dich xyanua 

Trong dung dich xyanua, dong c6 hoa tri +1, t6n tai 6 dang ion phito 
Cu(CN) 2 ‘ : do phan ly cua ion photc nay rat be nen hoat dp cua ioh Cu* rat nho, 
chinh vi vay ma dien the ph6ng dipn cua dong trd nen rat am so v6i dung dich 
sunfat. Nong do xyanua til do dung cang nhieu va mat dp dong dipn catot cang 
ldn thi dien the phong dien cua dong cang dich nhieu ve phia am nen 16p ma 
thu dape cang min, chac va kha nAng phan bo' cang ldn (ldp ma dAy deu 6 moi 
ndi). NhUng ma trong dieu kien do hieu suat dong dien catot se rat thap, thpm 
chi bang khong: de khAc phiic phai giam bdt mat do dong dien, dong thdi tAng 
nhiet do dung dich len. 
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Nong do xyanua cung anh hudng nhieu den qua trinh anot: xyanua til 
do ldn. anot dl tan; thieu xyanua tu do, anot se bj. thu dong. Luc do anot rat 
kho tan va Uu tien tan thanh ion dong hoa tri +2 co mau xanh, ket bam len 
anot rf dang hydrat khong tan; khi oxy thoat ra manh. 

Vay qua trinh catot va qua trinh anot co nhUng yeu cau trai ngUdc 
nhau ve nong do xyanua tu do. Doi vdi catot chi can nong dp xyanua tu do toi 
thieu, con doi vdi anot lai can nong do xyanua tu do toi da. Do do cin thUdng 
xuyen dieu chinh de duy tri nong do xyanua tu do ludn d mUc thich hpp 
nhat. 

Cau tit chinh cua dung djch la phUc dong xyanua va natri xyanua tU 
do. PhUc dong xyanua NaCu(CN) 2 dupe sinh ra khi pha che dung dich giiia 
CuCN vdi NaCN. Ty lUdng CuCN cang ldn cang dung dupe mat dp dong dien 
ldn, nhitng dong thdi cung lam giam cac uu the cua dung dich nay xuong. 
Trong qua trinh lam vipc nong dp dong co xu hudng giam dan do anot hoa tan 
khong bu du. Neu khong bo sung kip thdi, ldp ma se bj xo'p vk phai giam dan 
mat do dong dien catot, toe do ma cham dan. / 

Nong do cyanua tu do trong dung djeh cung co xu hudng giam dan do 
oxy sinh ra tren anot se oxy hoa no, do tac dung vdi khi cacbonic trong khong 
khi thanh cacbonat, nhat da khi dun nong : 

' 2NaCN + 2H 2 0 + 2NaOH + 0 2 = 2Na 2 C0 3 + 2NH 3 T. 

Cacbonat luc con it co tac dung tang do dan dipn chp dung dich. 
Nhung khi da tich luy den hdn 70 gA va nhat Id khi gan 140 gA, anot se bi thu 
dpng, hipu suat dong dien giam, mat dp dong dien cho phdp giam vk ldp mg bj 
xo'p. Loai bo cacbonat b&ng each ket tua no nhd BaCl 2 hay lam lanh dung dich 
den -5 °C de ket tinh no. 

Co the dung chat chong thu dpng anot lsi KNaC^H^He^F^O vk KCNS , 
khi do dupe phep dimg mat dp dong dien cao hdn mk khong sp anot bj thy. 
dpng, nhung phai ma d nhipt do cao. Cac dung dich cd nong dQ dong cao vk c6 
dung chat chong thu dpng anot cho phep ma d myt dp dong dipn cao ( den 
10 A/din 2 ) vdi dieu kipn phai dun n6ng vk khuk'y dung dich. Hi£u suk't dong 
dipn khi do co the xk'p xi 100%. Tuy nhikn d nhi$t dp cao toe dp bay hdi vk 
phan huy xyanua se cao va toe dp cacbonat hoa ldn, nln dung dich mau bien 
dpng hdn. 

Sunfua cho vao dung dich de khif ion Cu 2+ thanh Cu + . 

Chieu day 8 ldp ma dong xyanua tinh theo cong thiic gan dung . 

8 = 26 H.t.D c , pm, (11.2) 

trong do H - hieu suat dong dien, tU 0,60-0,99 , % ; 
t - thdi gian ma, h; 

D c - mat do dong dien catot, A/dm 2 . 
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Bang 11.4 trinh bay mot so' dung dich ma dong xyanua . 


Bang 11 . 4 . Cac dung dich mq dong xyanua 


Thanh ph3n (g/|) dung djch 
vci che do ma 

Dung djch so | 

1 

2 

3 

4 

CuCN 

26-32 

50-70 

35 

75 

NaCN tong 

24-38 

40-63 

- 

93 

NaCN tu do 

10-20 

10-25 

- 

18 

KCN tiSng 

- 

- 

103 

(115) 

KCN tUdo 

- 

- 

- 

(26) 

NaOH 

- 

- 

. - 

30 

KOH 

- 

- 

- 

(42) 

Udylite #60 

- 

- 

1,25 ml/I 

- 

pH 

- 

10-11 

- 

- 

Nhiet d6, °C 

ph6ng 

40-50 


60-80 

D c , A/dm 2 

0.3-0,5 

1-5 

<2,2 

1-11 

D a , A/drrT 

- 

- 

1,1-1,65 

1,5-4 

Khuay 


- 

khuiy 

khong/ c6 

Hieu suat dong dien, % 

60-70 
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Dung djch 1 ma d nhi$t do phong, n&ng suat thap. Dung dich 2 thanh 
phin ddn gian, toe d$ ma trung binh. Dung dich 3 cho Idp mg bong, deo, thich 
hop cho ma len hop kim kem lkm ldp 16t de ma ken bong ra ngohi. Dung djch 4 
cho hi$u suat dong di$n cao. Ty le dign ti'ch cac cue : S a / S c > 2/1. Anot long 
trong tui vai polypropylen. Be mg. nhat thiet phai dUdc trang bi hg thong hut 
khi dpc. 

Pha che dung dich. : Hoa tan NaCN v&o 1/2 the tlch be vdi nude n 6 ng 
60-70 °C. Cho tit th CuCN vao v& khu&'y cho tan. De ling, gan dung dich trong 
vao be mg, phan dgc cho them nude vao, khuay cho tan het. Ling, ggn vho be 
mg. Them nude den the tich quy dinh; khuiy deu; phan tich him lugng dong 
va xyanua tu do: dieu chinh neu cin. 


11.2.2. Ma dong tuf dung dich pyrophotphat 

Dung dich pyrophotphat cho ldp mg dong co tinh the nho, min. Khi mg 
mong se du<?c be mat nhln, bdng, hay ban bdng. Dung dich niy cd kha n&ng 
phan bo' hdn hin dung dich sunfat va gin bing dung dich xyanua. Die bigt li 
dung dich phde pyrophotphat loang co kha n&ng ma dong true tiep len sit 
thdp. 

Cau tu chinh cua dung dich phUc dong pyrophotphat lh : CuS0 4 hay 
CU 2 P 2 O 7 va K 4 P 2 0 7 hay Na 4 P 2 O v . Khi hoa tan muoi dong vho dung dich 
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Na 4 P 2 0 7 se sinh ra muoi phftc Na fi [Cu(P 2 0 7 ) 2 l; neu gift pH 8 va co du lifcfng 
dft P 2 0 7 4 ' thi dong chu yen ton tai d dang ion phftc [Cu(P 2 0 7 ) 2 ] b ‘'. 

NH 4 NO 3 trong dung dich cho phep nang cao mat dp dong dien catot va 
anot len, cho ldp ma tot hdn. Lftdng nho NH 4 OH lam ldp ma deu va nhan hdn, 
nhtfng nhieu qua se lam giam dp gan bam. Khi dung NH 4 OH can bo sung 
hang ngay de bft vao lftdng tieu hao do bay hdi, nhat la dung dich co pH cao lai 
difdc dun nong, khuay,... Kinh nghiem cho biet lftpng NH 4 OH can ho sung 
hang ngay la khoang 140 g/ m 2 mat thoang dung dich. 

Na 2 SeO, 3 , axit xitric, axit trioxvglutaric, 2-mercaptotyazol ,... la cac 
chat bong. 

Khi dung mat do dong dien cao anot de bj thu dong, do tao thanh mang 
muoi hoac oxyt kho tan tren mat chung. Chong hien tftdng nay bang each cho 
them vao dung dich cac chat NH 4 OH, Na 2 HP0 4 , NH 4 N0 3 , muoi tatrat, axit 
xitric ,... Mat khac de chong thu dong anot, dung dich luon phai co du lftpng 
P 2 0 7 4 " tft do va pH phai du cao. 

Tang nhiet do dung dich cho phep tang mat dp dong dien catot va giam 
nhe dftpc hien titpng thu dong anot. 

Hieu suat dong dipn anot luon ldn hon hieu suat dong dipn catot nen 
khi dieu chinh dung dich khong phai bo sung muoi dong. Mat do dong dien 
anot nen duy tri trong pham vi 2-4 A/dm” , 16n hdn thftdng sinh mang oxyt kho 
tan tren be mat. anot. 

Bang 11.5 giPi thieu mot so dung dich ma dong pyrophotphat. 

Bang 11.5. Dung dich ma dong pyrophotphat 


Thanh phan (g/l) dung djeh 
va che dp ma 

Dung dich sP 

1 

2 

3 

4 

CuS0 4 .5 H 2 0 

60 90 

70-90 

70-90 

90 

K4P20 7 

300-330 

330-380 

330-370 

350 

Natri sunfosalixilat 

25-30 

- 

- 

- 

Axit xitric 

- 

15-25 

- 

20 

Na2Se0 3 

- 

0,01-0,03 

0,002 

0,002 

Axit trioxyglutaric 

- 

- 

7 

- 

NH 4 OH 

- 

- 

- 

1-2 

pH 

8 ,2-8,9 

8 ,3-8,7 

8 ,3-8,5 

7,8-8,5 

Nhiet do , °C 

18-50 

30-40 

35-40 

50-60 

D c , A/dm 2 

0,5-2,0 

0,8-3,0 

_ 

0,8-3,5 

0 ,8-1,7 


Dung dich 1 cho ldp ma ban bong tren nen thep, hop kim kem va hpp 
kim nhom. Dung dich 2 cho ldpma dong bong. Dung djeh 3 va 4 cho ldp ma 
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dong bong trite tiep tren nen thep trade khi ma ken len. Cac dung djeh nay co 
dung axit xitric va axit trioxyglutaric nham loai bo hien tupng dong “thoat tiep 
xuc'' (thadng thay trong dung dich sunfat). 

Pha eke dung dick : Hoa tan rieng tOng cau td trong nadc 60-70 °C. 
Vita khuay vita rot th td dung dich nong kali (hay natri) pyrophotphat vbo 
dung dich dong sunfat. Khi do se hinh thanh ket tua mau xanh lam cua dong 
pyrophotphat: 

2CuS0 4 + K 4 P 2 0 7 = Cu 2 P 2 0 7 + 2K 2 S0 4 . 

Loc lay ket tua. Rda ket tua cho het ion S0 4 2 ~ . Hoa tan ket tua bang 
dung djeh kali (hay natri) pyrophotphat du de tao thanh dung dich phde : 

Cu 2 P 2 0 7 + 3K 4 P 2 0 7 = 2K 6 [Cu(P 2 0 7 ) 2 ] . 

Them litOng K 4 P 2 O 7 tn do can thiet. Dung dich co mau xanh lam xam. 
Dieu chinh pH bang NaOH hay H 3 P0 4 . Neu pH> 9 anot se bi thu dong va 
ldp ma xau. Neu pH < 7 dong se thoat tiep xuc len be mat v(it ma. 

Tap ch&'t co hai doi vdi dung djeh nay la chi, xyanua vh dau m 6 . Chung 
lam md ldp ma. giam mat do dong dien cho phep. Loai bo xyanua bang H 2 0 2 
30% vdi lieu hieing 1,25 ml/1. Loai bo chi bang each ma xd ly d m|it dp dong 
dien thap. Dau md loai bang each dung 2,5-6 g than hoat tinh cho mpt lit 
dung djeh va cho hap phu trong 4-8 h. San pham phan huy cua mot so php 
gia bong tich tu qua nhieu se lam don ldp ma, dng suat npi ldn. Loai bo chung 
kha cong phu : hap phu bang than hoat tinh, xd ly bang H 2 0 2 , hap phu lai 
bang than hoat tinh lan nda. 

Trong qua trinh ma can loc dung dich lien tqc, nhat la doi vdi dung 
dich ma bong . 

De dam bao co dp gin bam cao vdi nen thep can phai ma lot trade mot 
ldp dong mong trong dung dich xyanua hay trong dung djeh loang 
pyrophotphat co ty 1$ P 2 0 7 ,t ”/ Cu 2+ ldn ; con doi vdi nen hpp kim kem due van 
nen ma ldt dong xyanua trade roi mdi ma dong pyrophotphat len. 

11.3. CAC QUA TRINH MA DflNG D4 lC BI$T 

11.3.1. Ma dong hoa hpc 

Thadng dung de ma len chat deo, thuy tinh, sti, vA cac vat li|u each 
dien khac. Chieu day ldp ma hoa hoc rh't mong, dddi 1 pm , nen sau dd thadng 
ma dien hoa tiep trong dung djeh sunfat de dat den dp day mong muon. Qua 
trinh nay dupe trinh bay chi tiet tai muc 16.4. 

Ma dong hoa hoc len thep : Vat, ma bang thep sau khi tay rda be mat 
sach se, no'i vdi mot day hay tam nhom (tradng hdp vat be thi dat trong gio 
nhom hay gio co gai day hay la nhom), t4t ca nhung vao dung djeh sau : 
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NaCu(CN) 2 40-50 g/1 

NaCN til do 10-15 g/1 

NaOH 10-15 g/1 

Nhom tan ra va bam lfip dong tho, tdi, bfi, nhung tren thfip se dUdc lfip 
dong kin, bam chic, dby deu, in sau vao cac khe khuat, 16, ohg. Tfic do ma 
ting theo nhiet do va nong do NaOH. Khi ma fi 30-35 °C trong dung dich tren 
toe dfi ket tua dong khoang 3 pin/h va co the ma day den 4-5 pm. 

11.3.2. Ma dong 16n mot mat cua san pham 

Thtfdng dung de ma len tam, ohg , hop kim loai. Nguyen tic lb dbt vat 
can ma (da tay rua can than) vao dung djeh giUa anot vb catot, khong noi 
dien, vat se til cam Ung bien thbnh lifdng cue . be mbt hufing ve anot se cam 
Ung tich dien am va difdc ma dong, be mat luffing ve catot se cam Ung tich dien 
difdng nen khong dupe ma. Anot va catot chinh van lam viec binh thufing. 
Tien hanh trong dung dich xyanua hay pyrophotphat. 

11.3.3. Ma dong len nhom va hefp kim nhom 

Ma dong til dung dich phi xyanua len hdp kim nhdm : Sau khi tay 
rita sach se, phai oxy hoa anot be mat hdp kim nhom trong axit photphoric 
250-300 g/1, d 15-20 °C trong 10 phut vfii D a = 2-4 A/dm 2 . Sau dfi r&a sgch va 
ma dong trong dung dich sunfat hay floborat thong thufing den chieu day 
mong muon. 

Ma dong til dung dich xyanua len nhom va dura : Tuy theo vat lieu 
ma tby riia be mat cho thich hfip, sau do nhung trong dung dich Zinc at sau : 

Zn (tinh ra kim log.i) 25-35 g/1 

NaOH 120-140 g/1 

Nhifit dfi phong 

Thfii gian 30-40 s 

Lie, xfic nhp va lien tuc. 

Lfip kem hoa hoc thu dufic phai c6 anh xanh, dong deu, khong loang, 
chain, soc; neu khong phai lbm lai. Sau khi rUa sach, tiy lfip k§m 10-15 s 
trong HN0 3 10-20% . RUa ky vb nhung lai dung dich zincat tren mfit lin nUa 
trong 8-10 s va cung xfic nhp nhung lien tpc. Riia, noi difin vbo vfit mg vb 
dUa vbo be ma dong xyanua thong thufing cho den khi dgt chilu dby mong 
muon. 

Sau khi ma dong xong co the ma tiep ken, crom, bac .... 

Lfip ma dong bi hong co the boc di bbng each hoa tan trong axit nitric 
hay hoa tan anot trong dung dich ma crom. 
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11.3.4. Ma dong len kem va help kim kem 

Hqp kim kem due thy dau md hoa hoc trong dung djeh kiem yeu sau : 


Na 3 PO,.12 H 2 0 
Na 2 C0 3 
Xa phong 
Nhiet do 
Thdi gian 

Rha nong; thu dong anot trong dung dich : 
Na 4 P 2 0' 7 .10H 2 0 
Nhiet do 

IK 


50-60 gA 
25-30 gA 
3-5 gA 
60-70 °C 
3-5 ph. 


50-70 gA 
35-40 °C 
0,6-1,0 A/dm 2 


Thdi gian 1-2 ph. 

Anot ken, hay thep ma ken 

Rita sach roi ma dong trong cac dung dich xyanua thong thifdng. Sau 
do co the ma tiep ken, crom hoac xii ly ldp ma dong theo y thich. 


11.3.5. Ma dong len grafit 

Ma dong len grafit va di£n cue than dude tien hanh kha de dang trong 
dung dich sunfat. Dau tien phai lam sach grafit hay cUc than bang giay nham 
min, sau do lau sach bang khan mem, nhung vao con cong nghiep roi nhung 
vao dung dich thiec (II) clorua 2-3% trong vai ha giay, shy kh6 roi treo vao be 
ma dong sunfat va tiep dien ngay. Ma dong binh thUdng den chieu day mong 
muon. Ma xong, rda, say d 200-250 °C trong khong khi hay shy chan khong d 
400-500 °C de khii ring suat. 

11.4. HO AN THIKN L6P MA DONG 


11.4.1. Cromat hoa ldp ma dong 

De bao quan tarn thdi ldp ma dong khong bi oxy hoa va an mon, sau 
khi ma dong xong thu dong hoa no trong dung dich : 


K 2 Cr 2 0 7 hay Cr0 3 100 gA 

H 2 S0 4 15-20 gA 

Thdi gian 10-15 s 

Nhiet do phong 


Khi thu dpng phai xoc ho4c lac san pham, sau do nhanh chong rUa 
trong nifdc bfe nitdc lanh rong, rUa lai lan hai va say kho. 
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11.4.2. Oxy hoa va nhuom mau ldp ma dong 

De bao v$ chong an mon lau dai cho ldp ma dong, ngay sau khi ma 
xong can oxy hoa, nhuom mau no bang phitcfng phap hoa hoc hay dien hoa 
trong cac dung dich khac nhau nhu sau : 

- Nhuqm den cho dong vh ldp ma dong bang each nhung vao dung dich 
K 2 S 1% nong trong vai ba phut. Sau do co the nhung them vai giay trong 
dung dich K 2 Cr 2 0 7 115 gA + NH 4 OH (25%) 110 gA de tang do ben. 

Neu ldp ma dong da de lau hay san pham lam bang dong, thau can 
phai tay dau md tritdc roi nhung vao dung djeh : 


K 2 Cr 2 0 7 70 gA 

H 2 S0 4 40 gA 

Thdi gian 15-20 ph 


Nhi$t do phdng. 

Sau khi rda lai phai tay nhe trong H 2 S0 4 5% vai ba giay , rUa, roi mdi 


nhuom. 

- Nhuom den cho dong trong dung dich: 

NaOH 9,4 gA 

(NH 4 ) 2 S 2 0 8 3, IgA 

Thdi gian 5 ph 

Nhiet do 90-100 °C 

- Nhuom mau td nau sang den den cho help kim dong (co 90 Cu) 
trong dung dich : 

K 2 S 2 0 8 13-17 gA 

NaOH 40-60 gA 

NaN0 3 5-10 gA 

Nhiet do 60-65 °C 

Thdi gian 5-10 ph 

- Nhuom den cho dong va hdp kim dong co the tien hanh bang phddng 
phap dien hoa trong cac dung d;ch : 

Dung dichl Dung dich 2 

NaOH 120 gA 150-200 gA 

ZnO 30 gA 

D a 0,8 A/dm 2 0,8-2 A/dm 2 

Thdi gian 30-90 ph. 10-30 ph 

Nhiet do - 80-100 °C 

Ldp oxyt thu ttf dung djeh 1 nen phu them ldp sdn trong, khong mau 
ra ngoai. 

Dung djeh 2 khi ket thiic qua trinh co khi thoat ra iganh va di0n 
the be tang len; de dude ldp mang oxyt day va kin luc dau ngam khong dien 1- 
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2 ph roi dien phan vdi D a thap (0,1-0,5 A/dm 2 ) sau do tang len gia tr) quy d)nh; 
nhiet do cao cho mang mau den, nhiet do thap va nong dp kiem cao cho mhng 
mau luc, xop. Dung dich pha xong phai dien phan vdi anot dong cho den khi cd 
mau xanh dudng nhat. Catot bang thep hoac ken. Oxy hoa xong, rota sach, say 
kho cf 90-100 °C , tam dhu. 

Phitdng phap dien hoa cho mau bin anh sang hdn phildng phap hda 


hoc. 

- Nhupm dong va cac ban sao bang dong (due dien) de cd dang mau 
co kinh bang each nhung, quet hay phun dung djeh sau day nhieu lan len 
chung: Cu(NOa) s 25 g/1 + NH 4 OH (25%) 50 gA + CH 3 COOH 0,5-1 gA + 
NH„C1 25 gA. 

- Nhuom mau vang kim cho ldp dong vita ma xong dung dung dich co 

thanh phan va che dp nhuom sau : Na 2 S20 3 .5H 2 0 220-240 gA + 

Pb(CH ; .COO) 2 20-25 gA + axit xitric 25-30 gA; nhipt dQ 15-20 °C, 
thdi gian 1-2 ph. Neu nhupm that lau (5-60 ph) se cho mau xanh dudng, ke 
ca tren ldp ma ken cung vay. 

- Nhupm mau vang kim dipn hda cho ldp ma dong (va ca cho ldp ma 
ken, ma thiec) tit dung dich gom : 


CuS0 4 .5H 2 0 
NaOH 
Dudng kinh 
Nhiet dp 
I), 


40-50 gA 
25-30 gA 
85-90 gA 
15-40 °C 
0,01-0,02 A/dm 


Tlidi gian 5-6 ph 

Anot bang ddng tam, co dien tich bang dien tich catot. Nen dung acquy 
cap dien (chi edn dudi 1 V, neu khong ddng se giai phong lam dung djeh mau 
hong) ddng thdi pliai khong che dung D c , thdi gian va nhiet dp quy dinh. Sau 
khi nhuom xong, say kho, phii ldp son trong, khong mau ra ngoai. 

Thilc ra mau sac ciia mang ddng (I) oxyt nay bien doi lien tuc theo 
chieu day cua no theo pho mau nhit sau : nau sam (380 A) -> nau hdng -> 
do sam -» tim sam -> xanh sdm •> luc nhat —* bac (hdi xanh) vang chanh 
(970 A ) -» vang sang (980 A) vang kim xin (1100 A) -> da cam -> do 
(1260 A) Cho nen muon lo hang ddng mau phai khong che sao cho chieu day 
cua chung dupe ddng nhat. M4t khac vi mang mong nhit the (1 pm = 10.000 A) 
cho nen mau sac va do nhan, bong cua ban than nen hay ldp ma lot (thitdng la 
Cu, Ni,...) d dudi se anh hudng kha nhieu den sdc thai va do nhdn bong cua 
mang, vi vpy neu kheo ket hdp giiia chung s§ dude dp bong, “tong” mau, she 
do,... cua san pham dung nhit mong muon. 


127 



Dung dich nay cung dung dupe cho dong thau nhing phai thay dudng 
kinh bang 40-50 gA kali tatrat, va de cho mau sSc them ric rd, sau khi nhuom, 
ria sach. khi catot trong dung dich Na 2 C0 2 30-40 gA vdi D c = 0,5-0,7 A/dm 2 
trong 10-15 ph. Ria sach va nhupm lai l&n thi hai trong dung dich c 6 th&nh 
phan vh che dp nhuom noi tren ti 1 den 8 ph. 

Pha che dung dich : Hoa tan dong sunfat vao nude n 6 ng (nia the tich 
be), loc, hoa tan tiep dudng ldnh tring vao. NaOH hoa tan rieng, de ngupi, r 6 t 
ti ti vao dung djch h 6 n hdp tren dong thdi khuay deu. Dung dich mdi pha 
che xong phai xil ly bang dong dien nhit khi nhuom trong 48 h roi mdi bat dau 
si dung. Bo sung dieu chinh dung dich bang each them vao be dung dich dac 
co thanh phan : 60 gA dong sunfat + 45 gA xut + 90 gA dudng kinh trang. 

Doi vdi dung djch co chia kali tatrat thi tat ca cac cau ti phai hoa tan 
rieng roi mdi tron chung lai va nhd rang dung djch kali tatrat dupe hoa trpn 
cud'i cung vao hdn hdp. 

- Tao van hoa tren dong hay tren ldp ma dong : Neu la ldp ma dong 
phai co chieu day 25-30 pm va ma ti dung dich sunfat. Tay anot ldp ma dong 
(trong dung djch 1 ) va dong tam (trong dung dich 2 ) theo each thic sau : 

Thanh phan vd, che do tay Dung dich 1 Dung dich 2 

H 3 PO 4 (1,74) 90% trong lupng 95% trong lipng 

Axeton CH 3 COCH a 10 % trong ludng 5% trong lupng 


Nhiet do, °C 

80 

60 

D„ ban dau , A/dm 

3 - 4 

3-5 

Thdi gian , ph 

30-40 

15-30 

Dien the ban dau 

0,5-1 V 

0,5-1 V 

Dien the giam dan theo thdi gian, nen : 


- sau 1-1,5 ph phai nang len 

2 V 

2 V 


- den luc ket thuc nang dan len 2,5-3 V 3-3,5 V 

Dung dich pha xong phai tien hanh tiy anot cho dong de xi ly dien dat 
den 10-12 AhA mdi bat dau si dung. Vat lieu catot khong anh hudng gi den 
qua trinh tay. Van hoa co dang hoa hong nhd, khich thude cd 10 mm. Ma tiep 
Ni, Cr ,... len van hoa viin gii nguyen. 

11.5. BOC LCJP MA DONG HONG 

- Hoa tan anot ldp ma trong dung dich : 

Cr0 3 200-300 gA 

(NH4) 2 S0 4 50-100 gA 

Nhipt do 5-25 °C 
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D, 


8-10 A/dm 2 
Catot chi 

Dung dich nay hau nhu khong tac dung gi vdi nen thep ca. Co the hoa 
tan hoa hoc (khong can dong dien) ldp ma dong hong trong dyng djch nhy, 
nhtfng rat charn, nhat la khi dung dich da cu. 

- Ldp ma dong va thau tren nen thep hoa tan anot trong dung dich: 


NaCN 100-300 gA 

NaOHdSnpH 13,5 

D„ 1 A/dm 2 

Hoa tan anot ldp ma dong va thau tren nen thep trong dung dich 
NaNOs 10% hay dung dich CrO.j 6%. Con tren nen hdp kim kem thi hoa tan 
anot trong dung dich Na 2 SO,-, 12% d dien the 2 V tren be . 

- Hoa tan hoa hoc ldp ma dong hong trong dung dich: 

Cr0 3 450 gA 

H 2 S0 4 (1,84) 50 gA 


- Che pham mdi Udystrip 402 hoa tan hoa hoc Cu va hau het cac ldp 
ma hong (trh Cr) ma khong an mon nen thep, cho du ngam kha lau . Dung 
dkh gom Udystrip 402 60 gA + NaCN 120-180 g/1 ; pH 11.5-12,0 ; thy d 

60 °C hay d ngay nhiet do phdng de hoa tan Cu, Zn, Sn, Cu-Zn, Cd, Ag tren 
nen thep. Khi tdy nen khuay hay sue khi cho dung dich. Dd tay Ni tren thdp 
cung dung dung dich tren nhung giam ndng dp NaCN xuong con 90 gA. De 
tay ldp ma Pb, Sn, Pb-Sn tren nen thep, nen dong, nen thau cung van dung 
dung dich nay nhung thay NaCN bdng NaOH 60 gA; dun nhe den 50-60 °C 
tay se nhanh hon. 


9-CNMB 
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Chufofng 12 

MA KEN 


Ken (Ni) la kim loai tring bac, deo, d§ can dat ren va danh bong. Do 
cdng ldp ma ken phu thuoc vao thanh phan dung djch va dieu kipn ma. Do 
cdng cua ldp ma ken md dao dong tit 2500 den 4000 MPa, cua ldp ma ken bong; 
til 4500 den 5000 MPa (1 Mega Pascal * 10 kg/cm 2 ). Gidi hpn ben la 400-500 
MPa, do gian dai tudng do'i la 40%. Ken la mot trong nhiing vat lieu til quan 
trong co he so gian nd nhiet nho nhat. Tinh sit tit dUdc bao toan den 358 °C . 
Dien trd rieng 0,07.10 " Q.m. Kha nang phan xa anh sang 58-62%. Trong 
litdng rieng 8,9 g/cm 1 Nhiet do nong chay 1452 °C . Co the lam viec den 650 °C. 
Ldp ma ken thudng cifng va gion, neu diidc nung den 900 °C se lai mem va 
deo trd lai. 

Trong lUdng nguyen tit cua Ni bing 58,70. Trong cac hqp chat thudng 
gap, Ni co hoa trj +2, trong mot so chat khac Ni co hoa tri +3. Kim loai ken 
trong dieu kien khi quy§n luon bj phu mot ldp oxyt trong suo't lam thu dong be 
mat cua no. Neu khi quydn co chiia cac hqp chat lUu huynh, be mat ken se 
nhanh chong bi md di. Ken ben trong nude tu nhien, nude cat vh nude chay. 
Ken de bi an mon trong nude bien tu. Trong H 2 S0 4 va HC1 loang ken tan 

, v _ A 

chain hdn sat. Ken de tan trong HN0 3 loang, nhUng lai thu dong trong HNO ;t 
dac. Ken khong tac dung vdi N 2 cho du nhiet do tang den 1400 °C. Ken ben 
trong cac dung djch kiem va trong kiem nong chay; cac axit hUu cd chi tac 
dung vdi ken khi tiep xuc lau ngay vdi no. Ken khong lam hong cac vitamin, 
khong doc. 

Ken co kha nang hap phu khi kha ldn, cung chinh vi the ma cd tinh ldp 
ma ken kem di. Ken co the ma len Fe, Cu, Ti, A1 va cac hdp kim cua cluing, 
cung co the ma len vat lieu phi kim nhu gom sU, thuy tinh, chat deo ,... 

Dien the tieu chuan cua ken la -0,25 V. Trong moi moi tritdng ken deu 
la ldp ma catot doi vdi sit, vi vay didu kien cd ban d§ bao ve sit thep khong bi 
tac dung cua moi tritdng ben ngoai la ldp ma ken phdi kin, khong co cham kim, 
lo xdp. Nhimg ldp ma ken cang mong thi do xo'p cang ldn, nhat la ldp ma ken 
bong. Tuy 16 xo'p rat nho, khong nhin thay bing mht thudng dude, nhUng lai la 
nhiing 6 an mon mot, khi hdi am ngUng tu vao cac. Trong cac vi pin an mon 
nay, sit la dien cue hoa tan. gay ra hoen gi tren be mat ldp ma ken va ldp ma 


no 



mat chan bam. De ldp ma ken dupe xem la hoan to an kin, chieu day cua n6 
phai dat 20-30 pm. 
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Hinh 12.1 So do ldp ma gom mot I6p, hai Ictp, ba Icfp 

Nhifng ken la mot kim loai cl At, quy hiem, can phai tiet kiem, thitdng 
giam chieu day cua chung bang each ma 16t dong. Neu khong co be ma dong 
xyanua thi ma ldp ken mong (2-3 pm) len sat thep roi ma dong tit dung dich 
sunfat cho dii chieu day mong muon, sau do mdi ma ken len. Ldp ma Ken hdp 
nay bao ve sAt thep tflt hdn so vdi ldp ma kdn defn co cung chieu day. Bdi vi co 
nhieu Id xop xuyen thung ldp ken ddn hdn so vdi he ma lien hdp nhieu ldp 
(hinh 12.1). 

Tinh chat dien hda cua ken khi co ldp dong lot da thay doi mpt each cd 
ban : trong cAp Cu-Ni , ken la dien cite hoa tan. do do no bi md dan va bi An 
mon trong khong khi am. Nhitdc diem nay dildc khAc phuc bAng each ma 
them ldp crom mong (0,3-0,5 pm) len tren. Ldp ma lien hdp ba ldp Cu-Ni-Cr 
nay co tac dung vita bao ve vita trang site vA dupe pho dung trong cong nghipp 
che tao may mdc, dung cu, otd, do gia dung ,... Ngay nay ma bong trite tiep da 
rat pho cap nen ldp ma Ken hdp ba ldp thvicing dung cong nghe : Cu b -Nib-Cr b 
Cong nghe mdi con phat trien ldp Ni trong ldp ma lien hdp thanh hai hay ba 
ldp ken (bi-nickel hay tri-nickel) hoac ldp composit (sil- nickel) co nhieu tinh 
chat dAc biet va kha nAng bao ve cao hdn nhieu. Cd the nhuom dien hoa ldp 
kdn bdng thanh cac mau xanh, lam, vang .... de da dang hda tinh trang site cho 
ldp ma ken. 

Ma ken md mgt ldp ngay nay chi dung dl bao ve cac thie’t bi h6a hoc 
chdng xam thuc cua mdi tritdng, dac biet la moi tritdng kiem; bao ve cac dung 
cu y te: tang do chiu mon va do dan dien cho cac san pham. Ldp ma ken den 
dude dung trong che tao cac thiet bi quang hoc. Ma ken hda hoc dAt tien nen 
chi dung cho tritdng hdp cAn mg. cac vat co hinh dang ra't phde tap, nhieu khe 
khuat, 16 sau, ranh hep ,... de difdc ldp ma dAy deu moi ndi, hay ma cho cac vat 
phi kim nhit chat deo, thuy tinh, gom sd .... 

Chieu dAy ldp ma ken phu thupc vAo moi tritdng lam viec vA thdi han 
phuc vu cua cac san pham ditdc nitdc ta quy dinh trong TCVN 3832-83. 
Chvtdng 1 cd trinh bay cac quy dinh quo'c te cua ISO (International 
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Organisation of Standardisation) ve chieu ddy ldp mg trang stic - bao vg trong 
cac moi truting lam viec khac nh.au. 

12.1. DAC CIJA MA K^N 

Ma ken (cung nhu mg. sit, mg coban) tti dung d;ch muoi ddn c6 rat nhieu 
diem khac bigt so vdi cac kim loai khac. Ion nhting kim logi ndy ph6ng di£n 
tren catot tuctag doi kho khdn, trong khi hydro lgi kha dl ddng th6at ra tren 
chung. Do do khi ma luon gap hien ttidng Ni 2+ vd H + cung phong dien dong 
thdi: 

Ni 2+ .mH 2 0 + 2e -> Ni + mH 2 0 ; (12.1) 

2H + + 2e -> H 2 t . (12.2) 

Trong dung djch ion Ni 2 ' bi bao quanh bdi cac phan tti H 2 0 ludng cue. 
Khi phong dien tren catot, trtidc tien ion ken phai thoat khoi vo hydrat nay. 
Viec khti hydrat cdn phai tieu ton nang ludng kha ldn, do Id nguyen nhan gay 
kho khan khi ion ken phong dien. 

Cho nen neu nong dg ion H J ldn (pH dudi 1-2), thi ken hau nhu khong 
ket tua dude va tren catot chi co khi hydro thoat ra ma thoi : hieu suat ddng 
dien catot rat thap, tham chi bdng khong. Ting dan pH ldn (trie giam dan 
nong dg H + xuo'ng) thi phan dug phong dign cua hydro (12.2) trd nen kho 
khan dan, tao dieu kien thuan lgi cho hydro va ken cung phong dign dong 
thdi: hieu suat dong dien thoat kim loai tren catot tang dan len. pH cang cao, 
hydro cang kho thoat ra : hieu suat dong dien thoat ken cang ldn. Nhitng 
khong nen dung pH qua cao vi khi dd ion ken bj thuy phan thdnh cac hat rdn 
ken hydroxyt hay ken oxyt, ldn vao ldp ma, tao thdnh cac diem gdn bam cua 
bot hydro len be mat catot, gay nen cac 16 xop (chain kim), dilm nham, cham 
den, vgt spe ,... tren ldp mg ken. Khi pH qua cao se thay tren mat vat ma co 
bam ket tua mdu lgc cua cac muoi ken kho tan. Vi vay trong dung djeh mg 
ken nhat thiet phai co chat dem dd on djnh pH quanh gia trj quy djnh. 

Mgt diem dac trung khac cua mg ken la hien tugng ro (pitting). Bot khi 
hydro neu bam lau tren mat catot se che khud't diem dd, lam cho ken khong 
phong dign dude tgi day, trong khi cac cho xa diem dd van dugc mg binh 
thudng. Ket qua la sau khi ma cac diem nay bien thanh cac 16 thung, xop, 
r6 ,... lam mat ve dep vd giam kha ndng bao vg cua ldp mg ken. Cac chat 1dm 
tang stic cang be mdt nhti cac hydroxyt, cac chat htiu cd va cac san phtim phan 
huy cua chung, cac hat bui edn ,... deu 1dm cho bot hydro ndi rieng vd bgt khi 
ndi chung gdn bam lau len catot, gay pitting. Vi vay trong dung djeh mg ken 
thudng phai dung chat chong ro, do la cac chat lam giam stic cang be mdt, giup 
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cho catot luon thd'm Udt tot vd riteu kbdp moi ndi, khien cho bot khi khong him 
dupe len be mat niJa, 

Che do ma co anh hudng nhieu den hipu suat dong dien catot vd tlnh 
chat cd ly cua ldp mat ken. 

Tang mat do dong dipn ma se nhanh hdn, nhtfng vupt qua ngtfdng cho 
phep se lam giam hieu suat dong dien, IPp ma cUng, gion, tham chi bi chay. 

Tang nhiet dp se lam ting hieu suat dong dipn. Bdi vi nhiet dp tang ldm 
cho ion ken khuech tan den catot nhanh hdn, khu vo hydrat de hdn, lam cho 
ion ken de phong dien hon d6ng thdi ldp ma cung deo hdn. 

Khuay dung djch cung lam tang khuech tan nen cung lam tang hipu 
suat dong dien, chong dupe pitting, nhung lai d§ lam van due dung dich, gay 
nham, gai. 

Vi vay muon co cong nghe ma tot phai thpc hieu ma d nhipt dp cao, loc 
sach dung dich lien trie, doi luu va khuay manh dung dich; dong thdi nong dp 
ion ken phai Idn. gia trj pH phai tifdng doi thap; trong dieu kien nhu vay dupe 
phep dung mat do dong dipn cao hdn, phpm vi bien dpng mat dp dong dipn 
rpng hdn, do do nva dupe cho cac vat c6 hinh dang phitc tap hdn, ldp ma mem 
va deo hdn, ma tiep crom len de hdn. 

Ma ken thudng gap hipn tupng anot bi thp dpng, nguyen nhan nhu 

sau : 

Anot ken binh thudng tan thanh ion ken 
Ni -a- Ni 24 + 2e. 

Nong dp ion Ni 24 trong ldp dung dich sat anot thudng tich tp kha ldn, 
nhat la khi dung mat dp dong dien cao, nen de ling ket len be mpt anot thdnh 
mang xop. Mang ndy che khuat mpt phhn be mat anot, ph&n hopt dpng edn Ipi 
bi thu hpp, nen mpt dp dong dipn epe bp tpi do tdng vpt len, dipn the anot cung 
tang theo vk dpt den dipn the du cho ion OH“ phPng dipn vd giai ph6ng ra 
oxy. Oxy vUa giai phPng s§ oxy h6a anot ken tpo thdnh mang oxyt kin chic, 
ldm dinh chi qua trinh hoa tan cua anot kin, gay ndn hipn tupng thp dpng 
khong mong muon. 

De khu thp dpng anot edn phai cho ion Cl “ (NaCl, NiClg) vdo dung 
dich. Ion ndy phong dipn tren anot thdnh clo 1dm tan mdng thp dpng, Nong 
dp ion Cl “phai duy tri trong gidi hpn cho phdp, lPn qua anot tan qua nhiPu, It 
qua anot vdn bi thp dpng. Anot idm vipc binh thudng thi bP mpt nham vd c6 
mdu xam. Khi hoan todn thp dpng thi be mdt trd nPn nhdn vd c6 mdu vdng 
nau, tren cpnh, mep c6 khi oxy thPat ra. 

Ngay nay de chong thp dpng anot, nguefi ta che tpo lopi anot hopt tinh 
chifa luu huynh) rat di tan, dong thdi t&ng dipn tich anot len gap nhieu lan 
i lopi catot tarn ldn, bang each dung anot dpng bi (p 6-12 mm), manh nho 
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(25x25mm), vien (let (4>25x6-9 mm) .... luon ditdc xep dhy vao gio anot bang 
kim loai khong tan (thudng la titan). Nhd do da giarn ditdc dien the vb mat dp 
dong dipn anot xuo'ng kha thap, nen ion OH - khong the phong didn dupe, hipn 
tudng thu dong anot hiem khi xay ra. 

Chieu day S ldp ma ken co the tinh theo cong thde gan dung sau : 

S = 12,3 H.t. D c , pin , (12.3) 

trong do H - hieu suat dong dien (thUdng H = 0,85-0.95) , % ; 
t - thdi gian ma , h; 

D, - mat do dong dipn, A/dm 2 . 

12.2. CAC DUNG DICH MA KftN 

De ma ken co the dung cac dung djeh sunfat, clorua, sunfamat, 
floborat ,... Thong dung nhat van la dung dich sunfat. Bang each thay doi 
thbnh phbn dung dich sunfat vb che do ma hoan toan co thfe nhan dUdc cac ldp 
ma ken co nhitng tinh chat ly hda rat khac nhau. 

12.2.1. Ma ken tit dung dich sunfat 

Can tut chinh cua dung dich. sunfat la NiS0 4 .7H 2 0 , c6 dp hoa tan ldn. 
Cac dung dich ma hien dai thitdng dung nong do cao, tit 300 g/1 trd len, vb 
thitdng lam viec d nhiet do cao, 40-70 °C , de tranh ken sunfat ket tinh trd lai. 
Cac dung dich ma truyen thong dung nong do thap hdn; neu nong dp 
NiS0 4 .7H 2 0 chua tdi 200 g/1 bupc phai cho them mud'i dan dipn Na 2 S0 4 va 
MgS0 4 . Natri sunfat cho dung dich co do din dien ldn hdn, nhitng mage 
sunfat cho ldp ma mem va sang hdn. 

Chat dem thong dung lb H 3 BO : j , ndng dp tot nhat trong pham vi 20- 
40 g/1. Axit boric co tac dung dieu chinh pH ca trong toan kho'i dung dich lbn 
trong ldp sat catot lb ndi ion H* lien tuc phdng dien thbnh khi hydro thoat ra 
lam cho dung dich tai do khong ngtmg bi kiem hda. Doi vdi cac dung dich 
dung pH thap thi chat dpm NaF thich hpp hdn. 

Mpt so dung dich co dung ion NH 4 + lb vi khi cd mbt no thi muoi ken 
khong bbt dbu thuy phan (lam due dung dich) d pH 6,6-7,0 nda mb d pH 7,6 - 
cao hdn. Ldp ma thu ditdc tit dung dich nay cilng hdn binh thudng. 

NaCl hay NiCl 2 nhbm cung cb'p ion Cl~ de cho'ng thu dong anot kin. 

Chb't bong ma ken hipn nay ditdc chi' tao va cung cb'p difdi nhting tin 
goi khac nhau nhung titu trung van gom hai loai. Loai 1 cho dQ bong thb'p 
nhung deu, lbm cho ldp ma deo, giup tang do bong cho chb't bong loai 2, nong 
do dung titdng doi ldn nhitng it tieu hao; no co the la cac chb't: difdng hda hoc, 
cloramin B, p-toluolsunfamit ,... Loai 2 la chat san bbng, cho do bong, nhln 
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rat cao, nhung ldp rna rat gion, nhat la khi dung qua lieu ltfdng; vi vay phai 
dung ndng dp thap va thudng xuyen bo sung bu vao lupng da tieu hao; n6 co 
the la cac chat : 1,4- butindiol, coumarin, formalin .... va cac chat dac bipt 
khac. Be ma phai dung dong thdi hai loai chat nay; neu kheo ket hpp gida 
chung se tan dung dupe cac Uu diem va han che dupe cac nhupc diem cua moi 
loai de thu dupe ldp ma tot nhat. 

Chat bong vo cd thudng la coban va cadimi, hipn nay rat it dung. 
Coban rat dht va hiem; muo'i cadimi doi noi con dung db ma ken bong cho cac 
vat nho trong thung quay vdi ndng dp 0,03-0,10 g/1, Idn hun ldp ma se rat gidn. 

Chat chong rd (pitting) co tac dung tham udt be mat thudng dung la 
natri laurylsunfat, natri alkylsunfat hay cac che pham dac biet do cac nha che 
tpo cung cap. Nong do cua chung trong dung djeh cd 0,005-0,1 g/1. Chong rd 
con dupe thUc hien bang each siic khong khi nen vao dung djeh hay lac, rung, 
du dUa catot vdi tan so 30-60 ldn/ph ; va khi do khong nen dung loai chat tham 
udt co nhieu bot. 

De dung dich lam viec dupe binh thudng va ldp ma co dupe cac tinh 
chat co ly dung yen cdu, cam phai nghiem tuc tuan thu cac che do ma da quy 
dinh. Nhiet. dp thap duPi ngudng quy djnh se cho ldp ma gion, toe do ma cham. 
Mat do dong dien qua cao ldp ma se bi chay, hieu suat dong dien giam rat 
nhanh. Moi dung djeh cd gia trj pH toi uu rieng, tudng Png vdi nong do muoi 
ken, mat dp dong dien va nhipt do dung djeh ay. 

Cac dung djeh ma ken neu sail xuat on djnh, tuan thu dung che' do ma, 
thudng xuy§n lam sach cac tap chat co hai,... co the set dung mai, khong phai 
thay mdi. Thanh phan dung dich va che d6 ma ken dupe trinh bay trong bang 
12 . 1 . 

Bang 12.1 . Dung dich ma ken sunfat 


Thanh ph/Sn (g/1) dung 
dich va che dp ma 

Dung dich s6' 

1 

2 

3 

4 

_ 5 

6 

NiS0 4 .7Hj0 

300-350 

260-300 

90 

250-300 

260-300 

280-300 

NiCij, 6H 2 0 

45-60 

40-60 

200 

40-60 

40-60 

10-15 

H s 80, 

30-40 

35-40 

40 

30-40 

30-40 

25-40 

1,4- butindioi 35%,ml/t 

- 

0,2 

0,2 

0,1 

- 

0,5 

Sacarin 

- 

0,7-1,5 

0,7-1,5 

- 

- 


Formalin 40%, m!/! 


- 

- 

- 

0,6-1,0 

0,5-1,0 

Ftalimit 

- 

0,08-0,1 

0,08-0,1 

- 

- 

- 

p .A minobenzensunfamit 

- 

- 

- 

; 

0,18-0,25 

- 

pH 

1,4-4,5 

4-4,8 

4-4,8 

4,3-5 

4,3-5,0 

4,5-5,5 

D c . A/dm 2 

2,5-10 

4-6 

4-6 

2-6 

2-7 

2,5-3,5 

Nhiel dp , °C 

45-65 

55-60 

55-60 

50-60 

50-60 

50-60 




Dung dich 1 ma ken md, ma treo; khuay vk dun n6ng dung dich se 
dung dupe mat do dong dien cao; dung de chong an mon thiet bj hoa chat. 

Dung dich 2 ma ken bong tren thep, dong; D a khong dupe qua 
2,5 A/drrr, loc lien tuc, ma xd ly lien tuc 6 mot ngkn rieng; khuh'y bang kh6ng 
khi nen (20 lit/ph cho 1 dm chieu dai cau catot) co the ket hop lie, rung, du 
dua catot; chieu day phai chiem 1/2 -2/3 chieu day tong. 

Dung dich 3 ma bong len hdp kim kem due. Ftalimit dung ket hop vdi 
hutindiol de tkng kha nang san bkng, 1dm cho ldp ma lang mUdt nhu satin, 
dong thdi con md rong gidi han cua mat do dong dikn lam viec. 

Dung dich 4 ma ken ban bong, khong chda luu huynh (S), co dp bin 
chong dn mon cao, dung lam ldp ditdi cung trong ldp ma ken 2 hay 3 ldp; loc 
lien tuc, ma xd ly lien tuc d mot ngkn rieng, khuay bang khong khl nkn nhu d 
dung dich 2 . 

Dung dich 5 cho ldp ma chda nhieu S nhat (0,14-0,20% S), dung lkm 
ldp giiia trong he ma ken 3 ldp; chieu day cd 1-2 pm ; khi ma ckn loc va ma xd 
ly lien tuc, khuay bang khong khi nen.Dung dich 6 dung de ma bong quay. 

Pha die dung dich : Tat ca cac dung d(ch kin sunfat pha che nhu sau. 
Cac muoi ken, muoi clorua pha rieng trong nude mem, nong; axit boric, muoi 
florua pha bang nude mem, soi. Muoi florua pha trong be' bang chat deo. Be 
de chda dung dich ma phai dUdc rda sach trude bang H 2 S0 4 hay HC1 3-5% 
(ngam trong 2-4 h d 50-60 °C). Cac dung dich pha n6i tren dem loc chung vko 
be da rda sach, khuay, do va dieu chinh pH bang NaOH hay H 2 S0 4 3%, sau 5- 
10 ph xac djnh lai pH va dieu chinh cho den khi dat yeu cku. Dung djeh dkn 
day co the dung de ma ken md. NhUng mukn pha thknh be ma b6ng nha't 
thiet phai tiep tuc 1km sach hoa hoc va ma xd ly. Muon v$y, ckn chuyen dung 
djeh sang be du trd roi dUa pH den 5-5,5, them 1-2 g/1 than hoat tinh, 2 g/1 
thuoc tim hay 2 ml/1 nude oxy gia, v4 khuk'y dung dich lien tpc trong 3 h. Sau 
do de yen qua dem, loc va chuyen vao be ma- Den dky dung dich da loai sach 
cac tap chat hdu cd, skt va mpt phan kem. De loai het dong vk phan kem con 
lai can axit hoa dung dich den pH 2,5-3, treo catot bang cac tk'm thdp lupn 
song vac, khuay bang khong khi nen, vk ma xd ly d 45 °C , vdi mat dQ dong 
dipn 0,1-0,2 Ajdm 1 , dien the khoang 0,8-1,0 V cho den khi dupe ldp ma sang . 

Neu pha be ma ken md bkng cac hoa chk't cong nghikp kh6ng sach 1km 
cung nen 1km sach hoa hoc vk ma xd ly nhu tren trude khi sd dang. 

Sau khi pha che vk 1km sach xong, cho them cac chk't bdng theo quy 
dinh; nen hoa tan va pha loang cac chk't bong bkng nude am trude khi rdt vko 
be ma, sau do phai khuky deu. 
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Bdo duUng dung dich. : Neu lam vipe 3 ca/ngay thi mii ngay ph5n tich 
hoa hoc dung dich mot lin de 15 m can cvl dieu chinh nong dQ dung djch. Xac 
dinh ludng tieu ton cac phu gia bong thudng can cii vao ludng dien (so' 
ampe.gid) da thong qua dung djch. ThUdng thudng cit 1000 A.h can : 25-30 g 

1.4- butindiol (tUcfng duong vdi 80-120 ml BK-1 eua Dai hoc Bach khoa H5 
Ngi san xuat); 10-12 g dudng hoa hoc; 10-15 g formalin. Hoac, cii 1 lit dung 
dich mat sau 1 ca lam viec lien tuc can bo sung 0,13 ml 1,4- butindiol (35%), 
0,02 ml formalin (40%); con cloramin B bo sung tuan 1 lin, dudng h6a hoc va 
ftalimit bi sung tuan 2 lin. Tstt ca cac chat bo sung v5o phai khuay deu dung 
djch trong'30-40 phut. 

Hang ngay phai kiem tra va dieu chinh pH bang NaOH hay H 2 S0 4 3%. 
Do pH bang giay chi thi nhanh nhung d6 chinh xac thap, do bang pH-met 
chinh xac hdn. Hien nay co loai may do pH hien so, cam tay, nho gon nhu 
chiec but, dung trong cac xudng ma kha phu hop. 

Tap ch&'t vd each loai bo chung : Ma ken rat nhay vdi tap chat. Tap 
chat lan vao dung djch do dung hoa chat khong sach, do anot tan sinh mun 
can, dc vat ma rcfi xudng day be roi tan ra. do bui, nude rda, do an mdn thiet 
bi, dung cu . Tap chat hutu co do vat gia c6ng dinh diu md, dinh thuSc danh 
bong, r&a chua sach da dua vao bi, do chat bong bi phan huy, do vai co hi, diu 
nhdn thoi ra, do vat lieu lot bi, son each dign tren gia ma chua d6ng rin .... 
Tap chat khi chu yeu do hydro thoat ra th catot, khi C0 2 thoat ra khi dung 
Na 2 C0 3 de dieu chinh pH , khong khi 15n vao do bom, lqc, khu&y,... chung gay 
ro, gion ldp ma, Cac tap chit co hai nhat 15 Pe, Zn, Pb, Cu, Cr v5 chat huru cd. 

Ding 15m nham ldp ma, toi d vung D c th&p. Sat 15m ldp ma r6, soc d5i, 
nham khi pH cao. K§m lam lap mg toi, soc den hogc n5u. Chi 15m ldp mg toi, 
bong th5nh vay nho nhu b<?t. Nhom v5 silic 15ro nham nhg bi mat v5 15m mo 
lap mg bdng khi dung D, trung binh v5 cao, Cr 15m tang nhg kha nang phin 
bi nhung lgi 15m giam tinh bao ve cua lip mg. Anion N0 3 '~ (do tiy trong 
HN0.3 sau do rda khong sgch) 15m ken khi mg, catot bj den v5 lip mg de bong. 
Cha't hitu co gay ro, gion, nham cho lefp ma, 15m md hay vgt m5y tr€n lop mg 
bing. 

Ham lugng tgp cha't cho phdp nhu sau (g/1) : Fe ^ 0,1; Zn 5 0,01; Cu £ 
0,02; Pb £ 0,001; Cr £ 0,04; Sn £ 0,02; S * 0,005; A1 £ 0,06; Ca<0,5. 

Moi lan bo sung dieu chinh dung dich nen ket hop xd ly de logi bo sat, 
dong v5’chit hiitu co, doi khi ca kem nuta. 

Khi s5t tren 0,1 g/1 phai xu ly bang each : axit hoa dung djch den pH 

3.5- 4,0 ; dun n6ng len 50-60 °C ; cho them H. 2 0 2 vao de oxy hda Fe 2+ th5nh 
Fe 4 * , khuay manh bang khong khi nen; kiem hoa dung djch den pH 6,0 de ket 
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tua Fe' 1+ dudi dang Fe(OH ) 3 . Mot so' chat hfiu cd bi Fe(OH ) 3 hap phu cung 
dude loai theo klii loc ho ket tua. Chinh ltd pH va bit diu lam viec lai. 

Khi ham lUdng ddng vUdt qua 0,02 gA phai loai chung bing each axit 
hoa dung dich den pH 2,5-3 va xU ly dien vdi dien the 0,8-1,0 V va mat dp 
dong 0,1-0,2 A/din 2 , tren catot lupn song, trong nhieu gid cho den khi dude ldp 
ma sang. ThUdng tien hanh khu bo dong ngay sau mdi lan kht£ sit. 

Co the loai dong nhanh chong va tript de bing each loc dung djeh qua 
ldp hot ken kim loai Khi do dong se thoat tiep xuc ra thanh ldp kim loai bd, 
tdi, bam len hot ken. 

Kem vUdt qua 0,01 gA phai ket tua loai bo no bing each them nude voi 
toi vao dung dich den pH 6 ,1-6,3 , khuay manh. Khi do kem se ket tua, nhung 
sit, dong va mot phan ken cung ket tua theo. 

Tap chat crom loai bing each cho 1,2 gA thuoc tim hay 2,4 g/1 chi 
cacbonat vao dung dich. Hoac bing each khu Cr b+ thanh Cr J+ nhd Ni kim loai 
d pH thap (3,0 va khuay), sau do tang nhiet do len 75 °C trong nhieu gid va 
ket tua Cr " d pH cao (nhd ken cacbonat). 

Loai bd chat hUu cd de khic phuc hien tUdng ro bing each cho 2 g/1 
than hoat tinh vao be, khuay lien tuc trong mot ca roi loc sach. 

De dung dich dupe luon sach ve hoa hoc cung nhu vat ly, dac biet vdi 
dung dich ma ken bong, can phai tien hanh lam sach hda hoc cho dung dich 
nioi thang mot lan (neu lam 3 ca/ngay), va loc dung dich lien tuc hay ngit 
quang qua ldp than hoat tinh va vai loc vdi to'c do 1-2 the tich be mot gid: moi 
thing thay mdi than mot lan. Lam sach bing each ma xii ly cung phai dupe 
tien hanh lien tuc trong mot be rieng, cd 3 h phai chay dupe mot the tich be 
ma qua thiet bi xu ly nay. Tpi be xu ly dung dich dude dun nong len 50-60 °C, 
dong dien xd ly co dien the 0,8-1,0 V, mat do dong 0,2-0,3 A/dm 2 , catot bing 
thep tam ldpn song da ma ken, luon khuay dung dich bing khong khi ndn. 

Nen 16 chdc chu trinh loc lien tuc nhu sau : dung dich td day be’ ma 
dupe bdm sang may loc (co d$t than hoat tinh) cho het cac hpt edn, roi dan v&o 
day be ma xu ly, dung dich di td day be len, qua cac khe gida andt va catot 
ludn song roi chay tran vao ong gom va dupe dan xuong day be ma chinh 
(each xa cho dit ong hut vao bdm) de lam vipc. Toe do bdm, loc va 2-3 the tich 
bfe ma trong 1 h. 

Khi ma ken bong can tuan thu cac quy dinh sau : phai chuin bi be ma 
d trang thai sin sang: cau anot va catot phai co rda sach se; hp thong khuay 
va loc phai hoat dong tot; vat ma nen tiep dien trade khi treo vho bd. Khong 
dupe ngat dipn hoac lay vat ra de xem khi dang ma: khong dupe dieu chinh pH 
trong luc dang ma. Phai di gang trUdc khi cham vao vat dang ma, neu khong 
se b( loi tai cho da bi sd mo. Cac moc treo anot bing dong hay thep phai dupe 
boc chat deo. 
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Cdc hiC hong hay gap khi, ma ken : 

- Ldp ma bj bong troc. Do tdy dau mb, tay gi chita sach; do bi ngdt dien; 
do lan tap chat htiu cd; do ldn tap chat kim loai nhti Pb, Fe, Cu, Zn, Cr (loai bo 
kim loai tap bdng ma xti ly va lam sach hoa hoc). 

- Ldp ma gai, nham. Do dung dich bj can due; do tay riia chita sach. 

- Ldp ma bj chay. Do D r ldn qua; nong do ion ken hay axit boric loang 
qua; nhiet do qua thap; pH qua cao. 

- Ldp ma co mau cam nhat. Do dung djeh ldn dau md, chat tdy riia 
(can ma xti ly, loc qua than hoat tinh); do lan kiem tit be khac sang; do ldn 
dung djeh dong xyanua vao; do pH hefi cao; do lan kim loai la. 

- Ldp ma gion, de ndt vd. Do pH qua cao hay qua thap; qua thtia chat 
bong; ldn tap chat htiu cd hay kim loai. 

- Ldp ma khong du do bong. Do thieu chat bong hodc do D c hay pH 
khong dung. 

- Ldp ma bi md. Do qua thieu chat bong : neu md moi cho, edn them 
chat san bing; neu chi md d cho D, cao, can them chat bong loai 1. Do nhiet do 
va pH khong dung quy djnh; do lan tap chat hdu cd hay tdy dau md chUa sach. 

- Ldp ma khong lang, nhin. Do thieu chat bong loai 2 (butindiol,...). 

- Ldp ma to! hohe co chain xam, trdng. Do dung djeh lan dong, kem, va 
cac kim loai nang khac. Can ma xii ly cho dung djeh. 

- Ldp ma bong nhdng gion. Do ldn tap chat hdu cd hay thieu chat bdng 
loai 1 (difdng hoa hoc, cloramin B ,...) 

- Ldp ma bj ro. Do dung djeh bj ldn tap chat hdu cd hay kim loai. Cin 
lam sach dung djeh va cho them chat tham Udt be mat. 

- Ldp ma toi, den d nhdng ndi co mat do dong dien be. Do nong do ken 
hay clo qua thap; do dung D r qua be; do ldn nhieu kim loai la; do ldn chat hdu 
cd; do ldn dung dich ma crom sang, edn khd den Cr 24 bdng bisunfit roi tdng pH 
de ket tua chung; do tiep di$n kdm; do tdy ddu md chita sach. 

12.2.2. Ma ken tif dung dich sunfamat 

CAu tii chinh Id ken sunfamat Ni(H 2 NS0 3 ) 2 , co do hoa tan d 70 °C la 
600 g/1. De chong thu dpng anot dung ken clorua, de on djnh pH dung axit 
boric. Dung djeh co ndng do ken sunfamat cao cho phep dung mdt dQ dong 
dien lcin; mdt khac dung djeh co kha ndng phan bo cao, cho ldp ma co ting suat 
rat be, vi vay dung djeh nay duqc dung rat pho bien dd ma due, che tao khuon 
dien hoa vd nhieu ting dung khac. Khi ma yeu can dun ndng, khuay va loc 
lien tuc. Yen diem cua dung djeh nay la gia ken sunfamat ttidng do'i ddt. 
Thanh phan dung djcli va che do ma cua no nhu sau : 
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Thanh phan vA che do ma 

Dung dichl 

Dung dich 

Ni(H 2 NS0 3 ) 2 , gA 

300-400 

550-650 

NiCl 2 .6H 2 0 , gA 

12-15 

5-15 

H 3 BO 3 , gA 

25-40 

30-40 

Sacarin , gA 

0,5-1,5 

- 

pH 

3,0- 4,2 

3,5-4,5 

D c , A/dm 2 

5 - 12 

den 90 

Nhiet do ,°C 

20-60 

60-70 


Co the cho them 0,1 - 1,0 g/1 natri laurylsunfat de chong ro. Them 
tren 1 gA coban de lam tang dp ctfng cho ldp mg. Co thl thay ken cloma bang 
ken bromua de lam cho anot de tan dong thdi cd tfnh cua ldp ma lai tot hdn. 
A’nh huong cua che do ma den chat lUdng ldp ma cung giong nhU doi vdi dung 
djch sunfat. Nhiet do tdi da cua dung dich chi non den 60-70 °C , cao hdn se 
lam phan huy nhanh sunfamat. Dung dich ken sunfamat rat nhay vdi tap cha't 
kim loai nang, nhat la chi, nen phai dung hda chat sach va thudng xuyen bao 
dudng. 

Pha chi dung dich : Ken sunfamat hoa tan vao nda the tich be bang 
midc nong 60 °C, them ken clorua. Axit boric hda tan rieng trong nude soi roi 
do chung vao hon hdp tren. Them nude den the tich quy djnh. loai bo kim 
loai nang tap chat, khuay dung djch va them dan ken cacbonat vho de dila pH 
len 5,5 ; cho them 1,2 mlA H 2 O z va khuay lien tpc It nhat trong 4 h, gift dung 
dich d nhiet do 60 °C. Tap chat hiiu cd loai bo bang each them 2-5 gA than 
hoat tlnh, khuay trong 8 h r 6 i loc sach, tiep do dung axit sunfamic 10 % dieu 
chinh dung dich den pH quy dinh va ma xd dung dich vdi D c ~ 0,5 A/dm 2 nhd 
catot thep lupn song. 

12.3. MA KfiN NHlfilJ L6P 

Mg ken bong co nhieu Uu diem ve cong nghp va cho ldp ma cd dp trang 
she cao, nhUng ldp mg ken bong (1 ldp) cd nhieu nhupc dilm so vdi ldp mg kdn 
md nhu tham nhieu hydro hdn, tfng suae npi ldn hdn, lln nhiiu tgp chat hdn, 
cd tlnh kdm hdn, dp 16 nhieu hdn, vi vay tlnh chong an mon cung kdm hdn, 
nen chi dung cho vgt lkm vipc d dieu kien an mon yeu, va chieu day khi dd 
phai dam bao tit 5 den 12 (im. De khac phgc hipn titpng yeu kdm nay, ngoai 
viec nghidn cfitu cai tien thanh phan dung dich va che dp mg ra con cd mpt giai 
phap khac ve cong nghe la mg nhieu ldp. Mg ldt dong trude khi ma ken de 
tang kha nang bao vg cho ldp mg la dieu da dupe moi ngUdi thita nhgn tit ldu. 
Rieng ken cung dUdc ma thanh nhieu ldp de tang tlnh bao ve cho nd : 
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- Ma hai ldp kin : Ldp dudi ban bong, co diin the dddng hdn 16p b6ng d 
tren td 0,12 den 0,2 V, cho nin neu xay ra an mon thi ldp tren bj hda tan trade 
(chd khong phai nen thdp), vi chi khi ldp tren b; mon he't mdi bat d&u 4n mon 
nen thep tad cac 16 xd'p do cac vi pin Fe-Ni, (ban bdng) boat dong. Nhnng ldp 
kin ban bong Ni* (ma tvt dung dich so' 4, bang 12.1) chiem 50-70% chieu diy 
tong va ban thin kin ban bdng deo hdn va it xd'p hdn ken bdng Nit, (do nd 
khong chda ldu huynh) nen han chi' dupe toe dp an mon. Ldp ken bdng d tren 
( mp td dung djeh so' 2, bang 12.1) chda 0,08-0,1 % S, do chat bdng phan huy 
►a roi lln vao lam dien the cua nd chuyen ve am hdn va trd thinh ldp ma anot 
so vdi ldp ken d difdi. 

- Ma ba ldp kin : gida hai ldp ken noi tren, ma xen them mpt ldp kin 
mong 1,5-2 pm chtia nhieu S nhat (0,14-0,20% S) tit dung djeh so 5 (bang 
12.1). Do do dien the cua nd am hdn ca ldp ken bdng d tren, cho nen khi xay ra 
4n mon, no bi hda tan trade tien, va lan theo chieu ngang, nhung nd nhm d 
dadi nen khong anh hadng gi den ve dpp ben ngoai cua toan ldp ma. Khi ma 
khong can rda mii khi chuyen vat ma td be kin nay sang be kin khac. 

- Ma kin composit : Gin day ngadi ta chu y nhieu den cac ldp phu 
diin hda composit vi chung cd nhieu tmh chat cd ly hda rat dac biet. Cac ldp 
phu composit dien hda cd thi che' tao triic tiep ngay tren be mat vat cin phu 
ma khong phai gia cong nhiet hay cd gi them. Gan nhu tat ca cac ldp phu 
composit dien hda deu lay ldp ma ken lam cd sd. Ldp ma kin composit dude 
tao ra tit dung dich sil-nickel. Sil-nickel la mot dung dich ma ken binh thadng 
cd cho them cac hat rin, trd, rat nho min va luon dupe khuay dong that manh 
thanh mpt dung d;ch huyin phu. Khi thong dong diin qua dung dich se xay 
ra hien tudng ket tua ken cung vdi cac hat rin thanh composit, cac hat trd nay 
che lap cac khiein khuyet cua ldp ma ken, tao nen ldp phu cd nhiiu Uu diem 
noi trii. 

Ket tua thanh ldp phu composit diin hda dien ra theo cac bade sau : 

1 ) Cac hat trd cham vao be mat catot : giai doan nay thac hiin dape 14 
nhd khuay manh dung dich bang khong khi nen. Dun ndng dung dich cung cd 
tac dung taong ta. Ldp ma cd tinh de hut, bam cac hat r4n ; 

2 ) Cac hat ran gdn len be mat dang ma . giai doan nay thUc hiin ddpc 
nhd lvtc hap phu tac dung len cac hat. Lac gin bam phu thupc vao sdc c4ng be 
mat, thanh phan dung djeh va nhieu yeu to khac, 

3) Chon lap cac hat ran bam tren be mat vao ldp ma : giai doan nay 
phu thupc vao tinh chit cua ban than ldp ma kim lopi va cac hat rin. Ken 14 
kim loai co ai lpc vdi hau hit cac lopi hat ran thong dung, do do nd de d4ng 
cung vdi cac hat rin tao thinh ldp phu hdn hop, khong gat, day cac hpt n4y ra 
ngo4i ldp ma. 
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Cac hat trcJ lam td cac vat lieu borua, cacbua, bpt mai, nhdm oxyt ,... 
cac loai hat nay khong hoa tan trong nude, trong dung dich, khong din difen va 
khong bien mau. Nong do hat phu thuoc vao mat dp dong difen vi thcfi gian 
ma. Kich thudc hat tit 0,01-0,02 (im thi nong do hat toi itu la 0,5 -1,0 gA, 
Dung cac loai hat khac nhau hay hon hop cac loai hat ay co the se dupe cac ldp 
composit co tinh bao ve cao va do chiu mai mon, chiu nhifet ldn. 

Khi ket thuc ma sil-nickel, trfen be mat ldp phu con rat nhieu hat tro 
chita dupe chon lip kin het; khi ma crom chong lfen, crom chi ket tua len be 
mlt ken, khong mp dupe len cac hat tret (khong din difen), ket qua la tao thlnh 
ldp crom vi xop co mat do 16 rat ldn 20 000 - 100 000 16/cm 2 . Ldp ma nhu vay 
co tinh bao vp rat cao, hon han cac he ma truyen thong Cu-Ni-Cr, cho nen co 
the bo dupe ldp dong lot ma van bao ve rat tot. Khi xay ra an mon, khe hep 
bao quanh hat, tiep giap vdi kim loai bi an mon tritdc tifen: san pham In mon 
sinh ra lap kin cac 16 vi xdp cua crom, ngan can khong cho pha huy tiep nua. 

Ping each ma ken composit con co the che tao ra cac dau mui khoan, 
mui doa,... co cac cd hat mai (tUc cac hat tro) khac nhau. 

Sau day la mpt vai dung djeh sil-nickel va che do llm vipc cua chung : 


Thanh phan, gll 

Dung dich. 1 

Dung dich 2 

N-iS0 4 .7H 2 0 

260-280 

280-320 

NiCl 2 .6H 2 0 

40-60 

40-60 

H3BO3 

30-35 

30-35 

1,4- Butindiol (100%) 

0 ,2-0,3 

0,13-0,2 

Sacarin 

0 ,7-1,2 

1,5- 2,5 

Caolanh (rat min) 

0 ,3-2,0 

1 - 20 

Aerosil A-380 

- 

0 ,1-2 

pH 

3-4,8 

3-4 

Nhifet do , °C 

50-60 

50-60 

D c , A/dm' 

2-3 

2-7 

D a , A/dtn' 

2,5-2 

2 


Khi ma tU dung dich sil-nickel khong nfen loc lien tuc, chi nfen loc va 
lam sach dung dich dinh ky; cung khong nfen dung cac chat hoat dpng be mlt 
sinh nhieu bpt.. De hat rln phln bo' deu trong toan bo the tich dung dich can 
khuay manh blng khong khi nen vdi lieu lupng 6 lit/ph cho 1 dm* be mlt. 

Pha che va lam sack dung dich cung lam giong nhu cac dung dich ma 
ken bong khac. Chit bong cho vlo sau khi da lam sach dung dich. Hat rln 
hoa thanh bot nhao 200gA roi mdi rot tit tit vao bfe dang khuay manh va lien 
tuc. Cd sau 1000 Ah can them 12-14 g sacarin, 80-100 ml 1,4- butindiol 
(35%). Nong dp hat rln phln tich theo phUdng phap trong lupng vi difeu 
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chinh theo ket qua phan tich. Thong thitdng mite tieu ton cac chat nay cho 
1 pm la : sacarin 1,2-1,4 g/m 2 ; 1,4- butindiol 0,24 g/m 2 ; caolanh 0,14 g/m 2 . 

Khi pH cao qua ldp phu se nhara, san sui. Nong do hat rin cao qua se 
lam ldp ma kem bong. Cac hien titefng hit hong khac cung giong nhu moi dung 
dich ken bong thong thitdng. 

- Phan phot chiiu day gitia cac ldp ken trong hp ma ken nhieu ldp nen 
theo cac quy djnh d bang 12.2 sau day : 

Bang 12.2. Phan phoi chieu day moi ldp 
trong he ma ken nhieu ldp 


Loai I6p ma (trong 
he ma ken nhieu ldp) 

Yeu cau 
dp bong 

Ham lupng 

S, % 

% chieu day cua toan he Ni 

hai ldp 

ba ldp 

Ldp dudi (gan nen nhat) 

ban bong (s) 

< 0,005 

>60 

>50 

Ldp giira (nhieu S ntiat) 

bong (b) 

> 0,15 

- 

10 

Ldp ngodi (giap !dp Cr) 

bong (b) 

0,04-0,15 

<40 

<40 


12.4. MA KEN DAC BIET 
12.4.1. Ma ken den 

Cac dung cu quang hoc nhu kmh hidn vi, may anh, kinh deo mht ,... 
thitdng ma ken den de co kha nang hap phu anh sang toi da. Nhieu vat dung 
quan sil cung ma ken den. Mau she til xam shm den den s4m. 

Ldp ma ken den co dp ben an mon va mai mon thap, dp deo va dp gin 
bam vdi kim loai nen kem, nhat la tren nen thep, nen can phai ma 16t dong 
bong hay ken bong trifdc khi ma ken den. Ma lot kem cung cho ldp ken den 
deu va dpp. Ldp ken den chi nen day 0,5-1 pm. 

Dung djeh 1 ma d dien the 0,8-1,0 V trong 20-30 ph, anot ken hay 
grafit. Dieu chinh pH bing H 2 S0 4 3% hay ZnC0 3 . 

Dung dich 2 dung trong cong nghiep may quang hoc. Anot ken va kem. 

Dung dich 4 ma tinh vdi D c den 2 A/dm" , con khi ma quay chi dung D c 
0,1-0,2 A/dm : . 

Sau khi ma ken den xong co the danh bong nhp, thu dong trong dung 
dich Na 2 Cr 2 0 7 5% roi tarn dau, lau kho. 
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Bang 12.3. Thanh phdn dung dich va che d6 ma. ken den 


Thanh ph5n (g/1) va ch4 
do ma k 6 n den 

Dung dich sS 

1 

2 

3 

4 

NiS0 4 .7H 2 0 

50-60 

65-75 

120-150 

- 

NiCl2-6H 2 0 

- 

- 

- 

67,5 

(NH 4 ) 2 S0 4 

15-20 

- 

- 

- 

NH«CI 

- 

- 

- 

67,5 

NiSO*. (NH^SO, 

- 

45-50 

- 

- 

(NH 4 ) 2 Mo0 4 

- 

- 

30-40 

- 

ZnSO 4 .7H 2 0 

20-25 

30-40 

- 

- 

ZnClj 


- 

- 

11,2 

NaCNS 


15 

- 

- 

NH 4 CNS 

15-20 

- 

- 

- 

NaCI 


- 

- 

22,5 

H 3 BO 3 

- 

20 

20-25 

- 

Axit xitric 

2-3 

- 

- 


KNaC 4 H 4 O e 

- 

- 

- 

11,2 

pH 

5-5,5 

5,2-5,5 

4,5-5,5 

6 , 0 - 6 ,3 

D c ,A/dm 2 

0,1-0,15 

1,0-1,5 

<0,5 

<2 

Nhiet do, °C 

18-25 

_ 

45-55 

20-60 

24-38 


12.4.2. Ma k6n xo'p 

Ma ken xo'p co nhieu ting dung : 

- Che tao la ken -mong 10-40 p.m co nhieu 16 nho, chiein den 50-70% 
dien tich, de lam tui la cUc lamel trong cac ticquy kiem. Muon vay phai dung 
catot bting titan hay thep khong gi, dem phun cat bang log! hat co khich cd 
tudng dUdng vdi 16 xop yeu ctiu 6 la ken. Sau do tam vazelin len be mat catot 
roi lau kho, chi trong cac 16 nho ly ty mdi con lai vazelin v6 tut do se tao thanh 
cac 16 thung cho lop ma. Ma ken trong cac dung dich thong thiidng. La ken hoc 
raud 500-600 "C trong chan khong hay trong khi trd de lam deono. 

- Che' tao xuc tac ken co hoat tinh cao, tdc co be mat rat phat trien, 
tren nen bang Utdi kim loai. Cach lAm : cho 75-150 g/1 bot ken kim loai rh't min 
vho dung dich ma ken va ma trong dieu kien khuay that manh dung dich de 
bot luon 6 trang thai huyen phu, dung mat do dong dien 16n 10-12 A/dm 3 va a 
nhiet do 40-50 °C. 

- Che tao mang loc bang ken kim loai cung lam titdng tu nhu tren: cho 
0,5-4% trong lifdng bot min polyetylen hay bot min chat deo nao do vao dung 
dich ma ken. Catot la khuon bang titan hay th6p khong gi da danh bong that 
nhan. Sau khi ma, tach ldp kim loai ma ravaud 400-450 °C cho chay het chat 
hflu cd. 
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12.4.3. Ma k4n lhn thdp khong gi 

Di ma ken len thep khong gi, thep chiu axit, thep chjii nhipt,... lien 
hanh theo quy trinh sau : treo vat ma len gia; thy dhu anot; rUa nude nong; 
treo khong di?n vao be chUa dung dich gom : 200-250 g/1 NiCl 2 .6H20 + 150- 
200 ml/1 HC1 trong 1 h d 15-20 °C, sau d6 thong dong di$n qua de mp ken vdi 
D c = 5-10 A/dm 1 trong 1 h; anot ken. Sau do rua vat ma trong nude la roi 
chuyin sang bb ma ken sun fat thong thudng va ma den chieu day mong muon. 


12.4.4. Ma ken cho vat lam bang bot sat nen k£t 

Nhtfng vat nay co dp xop rat ldn, den 40-70%, nen rat de bi an mon, 
chi sau khi che tao vai ba gid da thay co hien tupng gi. Ma ken bong day 10- 
15 pm de bao ve cac vat nay to ra co hieu qua hdn ca. Ma ken van tien hhnh 
theo cac quy trinh thong thudng, nhung rieng khau thy diu dien hoa thi chi 
thy anot trong dung dich khong dun ndng sau : 


Na 2 CO rj 75 gA 

Na ;i P0 4 75 gA 

Chat nhu hoa sunfanal 1-3 gA 
D a 4-5 A/dm 2 


Thdi gian 15-20 ph 

Sau d6 can rUa ky va lau trong nude, cac khau sau cung vay. 


12.4.5. Ma ken len nhom va hdp kim nhom 

Co nhieu each lam : 

- Zincat hoa be mat nhom trude khi ma ken len: tuy theo thanh phan 
cua nhom va hdp kim nhom ma thy riia be mat no mpt each thich hdp, sau do 
phu mpt ldp kem nhu da noi d muc 11.3.3 rdi ma ken len tuf dung djeh sunfat 
mot each binh thudng, khong co gi dac biet. Cach nay cho dp ghn bam cao giUa 
ken vdi nhom va hdp kim cua no. 

- Ma true tiep ke'n len nhom va hpp kim nhom theo quy trinh sau : 
thy vat can gia cong trong xut 10-15% d 60-70 °C cho den luc sach het tap chat 
be mat (tit 10-15 s den 1-2 ph ); tay sang bhng HN0 3 15-20®b trong 2-3 ph d 
nhiet do thudng. Cac hdp kim nhom co each tay rieng. Sau do ngam khong 
dien 1-2 ph trong dung dich sau roi mdi bat dau ma: 


NiS0 4 .7H 2 0 

200 gA 

h 3 bo 3 

25 gA 

NaF 

2 gA 

k 2 s 2 o 8 

2 gA 

Nhipt dp 

50 °C 

pH 

4,5-5,4 
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10-CNMD 


D c 1,0-1,5 A/dm 2 

Hieu suat dong dipn 90% 

Anot - ken, long trong tui vai polypropylen. Chieu day ldp ma tail da 
30 |im , co dp gdn bam tot. 

Ma ken len hop kim mage va hdp kim kem due phai co ldp dong ldt, 
nhu da not d muc 11.3.4. 

12.4.6. Ma ken cho cac vat co hinh dang phnfc tap 

Nhieu trudng hop can ma ken an sau vao cac khe khuat, 16, ranh,... 
cho cac vat ma dac biet ma cac dung dich ma thong thudng khong thuc hien 
dUdc. Khi do phai dung dung dich ma ken dac biet, co kha nhng phan bo' cao; 
sau day la mot dung dich thuoc loai nay : NiS0 4 .7H 2 0 30 g/1, NiCl 2 .6H 2 0 
38 g/1, H 3 B0 3 25 g/1, Na 2 SO„ khan 180 g/1 ; D c = 0,2 - 1,0 A/dm 2 , nhipt dp 
40- 50 °C, pH 4,5-5,5. Thay ring, trong pham vi cac quy dinh tren, kha ndng 
phan bo' cang ldn khj dung mat do dong dipn cang thap, nong dp natri sunfat 
cang 16n va pH , nhiet do dung dich cang cao. 

12.5. MA K^N HOA HOC 

Ma ken hoa hoc cho ldp phu day deu ngay ca tren vat c6 hinh thu rat 
phuc tap. So vdi ldp ma ken dipn hoa, ldp ma ken hoa hoc co do edng, dp chju 
mai mon cao hdn, vi vay no thifdng duoc ma cho vat lam viec trong dieu kien 
ma sat , nhat la ma sat kho. Ldp ma lai it xop, kha dep nen con duoc dung 
lam ldp phii bao ve-trang site. 

Phan ting chinh cua qua trinh ma ken hda hoc la sti tUdng tac gida 
natri hypophotphit vdi ion ken. Trong dung dich nude, natri hypophotphit bj 
thuy phan, tao thanh natri photphit va hydro nguyen td : 

NaH 2 P0 2 + H 2 0 ^ NaHaPOj + 2H. 

Hydro nguyen tu hap phu len be mat kim loai nen roi khu ion ken 
thanh ken kim loai va axit ditoc sinh ra ; 

Ni 2+ + 2H Ni + 2H\ 

Dong thdi hydro nguyen tu tac dung vdi cac anion H 2 P0 2 ' vi H 2 P0 3 , khu 
photpho den trang thai nguyen to' vi vay ina ldp ma ken hoa hoc luon chda P . 

Khi ma ken hoa hoc con luon luon co hydro thoat ra : 

2H -> H 2 1. 

Co den tren 60% hydro sinh ra da mat di theo phan ting nay. 

Trong dieu kien binh thudng phan ting khU ken khong the xay ra 
dUdc Muon phan iing khu nay xay ra phai co mat chat xuc tac.Chinh mot so kim 
loai nen nhu sat. titan, nhom va ca ken nUa deu la chat xuc tac cho phan ting. 
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Truong hgp ma ken hoa hoc cho kim loai nen khong co tinh xuc tac cho phan 
dng nay nlnf dong, bac thi cin phai cho chung tiep xuc vdi kira loai am hdn 
nhii nh6m, hoac cap cho chung dong xung trong thdi diem ban dau. Ma ken 
hoa hoc len chi, cadimi, thiec hien con tin tai nhieu kho khan. Tuy nhien 
co the ma dupe ken hoa hoc len vat phi kim bing thuy tinh, gom sot, chat deo. 
TrUdc khi ma phai hoat hoa be mat theo cac phudng phap thong thudng. 

Ham lupng photpho trong ldp ma dao dong tit 3% den 12% tuy theo 
pH : ham lupng P giam theo su giam do axit. Bdi vi khi pH ting, toe do khh 
ion kin tang len nhanh hem toe dp khvf photpho. 

Cac yen to anh hefting den toe do ma kin hoa hoc la nhiet dp, nong dp 
va ty le giiia natri hypophotphit va mull ken, ban chat va nlng do cac phu gia 
htfu cd, 

Nhiet do ma kin hoa hoc duy tri d 80-90 °C . Nang cao nhiet do tie 80 
den 90 °C toe dp kit tua tang len 1,5 lan, con khi giam xubng den 70 “C qua 
trinh kit tua gan nh.U ngitng hln, 

Ma ken hoa hoc diln ra cf phi 4-4,5 va d pH 8-10, tUc 11 co 2 loai dung 
djeh : axit va kiem. D6i vdi dung dich axit nlix de pH < 4 qua trinh ket tua se 
ngefng lai; con khi pH >5,5 se lam thuy phan muoi ken, liic do cac hat ken 
hydroxyt trd thanh cac trung tarn phan huy dung dich ma va co the dien ra 
hien tupng be “tu phong dien", nghla la ken kim loai thoat ra trong toan khoi 
dung dich. 

Trong khi ma ken hoa hoc luon luon san sinh ra axit (H 4 ), nen cin 
thiet phai dung chit dem nhu CHgCOOH, (CH 2 COOH) 2 .... Chat tao phde 
dupe dung trong dung dich nhdm ngan can sinh ra ken photphit d dang ket. 
tua nen da keo dai dupe thdi han su dung dich. 

Dung dich qua moi Idn ma thudng tieu hao khoang 10-15% cac cau 
tu ban eld a, rieng chat dem la bj tieu hao toan bo. Tuy vaiy qua trinh ma nay 
vln thuoc loai kha ddn gian nln dupe dung nhieu trong edng nghiep. 

Ngoai chat dem va chat tao phiic, dung dich con co mot lefdng nho chit 
on dinh die biet nhu cac cation ciia Sb, Bi, As ,... 

Dung dich axit can dam bao ty le toi itu (tinh theo so phan td gam) 
giiia muoi ken va natri hypophotphit la 0,4 . Do axit dupe on dinh blng chit 
dem. Ken photphit tich tu trong dung djeh gay anh hudng xau den qua trinh 
ket tua : Cac hat rln photphit kho tan nlm Id lung trong dung dich roi bam 
lln mat vat ma tao thanh ldp ma nharn. Neu cho vao dung djeh chat Cao phde 
kilu : CHOH(CH 2 OH) 2 (glyxerin), HO.CH.COgNa, (CH 2 .C0 2 Na) 2 ,... chung se 
lien ket vdi ken thanh ion phUc kho phan ly, ngan can dupe mot phan viec taio 
thanh cac photphit kho tan. Qua trinh ma diln ra b 80-100 °C. Vx do axit cua 
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dung dich luon luon tang len do tao thanh axit photphoric nen phai dung 
NaOH 1-2% hay NH 4 OH 25% pha loang (1:10) de trung hoa. 

Dung djch axit co nhieu uu diem hdn so vdi dung dich kiem : on djuh 
hdn; toe do ket tiia nhanh hdn; lcfp ma co tinh bao vfe cao hdn. 

Dung dich kiem ngoai mud'i ken va natri hypophotphit con c6 cac chat 
tao phtife amoniac va axit xitric nen thdi han sii dpng dung dich de ket tua 
dupe lau hdn. Do hoa tan cac photphit trong dung dich kiem cao hdn so vdi 
dung djch axit. Do do chhng nao photphit tich tu trong dung dich chua vUpt 
qua 340 g/1 thi vdn chua co tac hai gi. Th dung dich kiem co the ma cho thep 
ben an mon, nhom, titan.... Khi ma thoat nhieu hydro tit bg mat vat ma. 

Bang 12.4. Dung dich mq ken hoa hoc 


Thanh phSn (g/1) dung 
dich va che do ma 

Dung djch so 

1 

2 

3 

4 

5 

NiS0 4 .7H 2 0 hay NiCk 6H 2 0 

20-25 

20 25 

20-25 

20-50 

20-30 

NaH 2 P 02 (loai ky thuat) 

25-30 

20-25 

15-20 

10-25 

10-25 

Anhidrit maleic 

1,5-2,0 

- 

- 

- 

- 

(NH 4 > 2 S 0 4 

40-50 

‘ 

' 

- 

- 

NI-UCI 

" ' 



35-55 

- 

CH 3 COOH, (dong bang) 

20-25 


- 

- 

6-10 

CH 3 COONa 

" 

10 15 


- 

8-15 

Glycol HOCH 2 .CH 2 OH 


7-20 

. 

- 

- 

PbS 

- 

0,001-0.050 


- 

- 

Tioure 



0,001 

_ 

0 , 001 - 



- 



0,002 

h 3 bo 3 


- 

5-15 

- . 

- 

CH 3 CH0H.C0 2 H 40%, ml/I 

- 

- 

35-445 *7 

- 

- 

Natri xitric 

- 

5,0-5,5 


35-55 

- 

pH 

5,0 5,5 

90-95 

4,6-5,0 

7,5-9,0 

4,1-5,0 

Nhiet do , °C 

90-95 

1-2 

88-92 

78-88 

85-95 

Mat do tai, dm 2 / 1 it 

1-2 

15-25 

1-2 

1-2 

1-2 

Toe dp ket tua, pm/h 

18-25 

4-8 

8-12 

8-12 

10-15 

Ham li/ong P, % trong li/ong 

7-10 


3-7 

3-7 

3-7 


Nhief do cd anh hitdng nhieu den toe do ma. Tang nhiet do tit 80 len 
90 "C , toe do ma tang len 1,5 lan. Dp axit cua cac dung dich kiem dude dieu 
chinh bang each them NH 4 OH 25% cho den khi chuyen tit mau luc sang mau 
xanh sam. 

Pha, che dung dich khong co gi dac biet. Tat ca cac cau tu hoa tan 
rieng trong mot it nude nong rdi do chung vao be, sau do them amoniac va khi 
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nhiet do trong khoang 60-65 °C do dung dich dac cua hypophotphit vao. 
Thanh phan mpt so dung dich va che do ma ditdc trinh bhy d bang 12.4. 

Ldp ma ken hoa hoc co cau true ldp vo djnh hinh; co nhupc diem la 
gion khi day tren 10 (am. Sau khi gia cong nhiet ldp ma se cd cau true tinh the 
la dung djeh rhn cua Ni vdi liidng nho P va hdp chat Ni s P. Ham liidng P chiem 
tit 4-8% doi vdi dung dich kiem va 8-10% doi vdi dung djeh axit. 

Gia cong nhiet lam cho do citng ldp ma tang len, nM't la doi vdi ldp ma co 
ham litpng P cang ldn. Do citng sau gia cong nhiet co the len tdi 8400-11800 MPa . 
Gia cong nhiet cho cac vat ma bang thep d 300-400 °C , b&ng nhom 6 275-280 °C , 
bang dura d 375-385 °G Thdi gian gia cong nhiet 1 h. Khi gia cong nhiet cau true 
ldp ma thay doi co kem theo hien tUdng toa nhiet va thay doi the’ tich, vi the phai 
tang nhiet do len tit tit, neu khong ldp ma se bi pha hong. 

Do gdn bam cua ldp ken-photpho tot hdn ldp ma ken dien hoa. Ldp ken 
hoa hoc day deu tit trong ra ngoai, lap day cac 16 ro, san bang cac ch6 nham, 
Chieu day ldp ma chenh nhau khong qua 10%. Vi vay thudng ma ken hoa hoc 
cho cac vat co do chinh xac cao nhit bp doi pittong-xilanh cua bdm dau cao ap 
cho dong cd diezen, cac chi tiet be trong dong ho, thiet bi quang hoc ,...hoac ma 
len chat deo de tao be mat din dien (xem muc 16.4.2). 

Ldp ma ker. - photpho bao ve tot lai it xop nen ditdc dung de bao ve cac 
nip, cita day kin cac buong hdi qua nhipt hay khong khi lam viec den 700 °C. 
Ldp ma ken-photpho con dung cho cac be mat lim viec ma sat de tang do chili 
mai mon, giam he so ma sat; dung rat thuan lpi de phuc hoi kich thude cho cac 
tiet may da mon, nhat la cac chi tiet rat ldn. 

Toe dp ket tua ken hoa hoc dao dpng tit 10 den 25 pm/h tuy theo thanh 
phin dung dich. Ma ken hoa hoc co the tien hinh trong dung djeh tinh hay 
chay. Trong dung dich chay, nong dp lu6n dupe gift khong doi nhd sp tuin 
hoan dung djeh thanh chu trinh khdp kin : tit binh phan ling, ndi xay ra qua 
trinh ket tua, dung dich ditdc dita sang bo phan trao doi nhipt de lam ngupi 
xu6'ng 55 °C , sau d6 bdm qua may loc, roi tit chay vao be dieu chinh nong dp 
vh lai quay ve binh phan ting. Trong thiet bj chuyen dung mp ken hda hoc c6 
cac dung cu dieu chinh til dpng de khong che pH va nhipt dp. 

12.6. HO AN THlftN L6P MA K^N 

12.6.1. Oxy hoa ci nhiet do cao ldp ma ken tr6n kim loai den va mau 

Ldp ma ken dien hoa co nhieu 16 xop, muon kin thildng phai ma 
nhieu ldp Cu-Ni-Cr co tong chieu day 40-50 pm mdi bao ve tot ditpe. Ldp ma 
ken 10-15 pm muon co tinh bao ve tot phai nung d 900 °C trong it nhat mot h ; 
khi do tren mat sinh ra ldp ken oxyt NiO mhu xanh, day 5-7 pm. Ldp nay cd 
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do chiu nhiet den 1980 °C va co ty trong rieng 7,45 g/cm 3 , the la c6 sp t&ng the 
tich d ldp he mat, nen da lap kin moi ranh, 16 xop xuyen thung hay khong 
xuyen thung lam cho ldp ma kin mong cung trd nen km hoan todn. Mat khac 
khi nung den 900 °C con xay ra hien tupng khuech tan giiia chiing : Ni 
khuech tan vao thep va thep vao Ni, lam mat di cac 16 xop, dong thdi tao nen 
vung chuyen tiep gitia ldp ma va nen lam tang do gdn bam len rat nhieu. 

Ldp ken oxyt NiO co tinh each dien, tuy theo nhiet do va thdi gian 
nung ma tinh each dien cua no cao hay thap, trong dieu kien nung n6i tren, 
mang oxyt nay co the chiu dude dien the 10-15 V, the la du de khac phuc dupe 
hien tiidng an mon dien hoa. 


12.6.2. Nhuom mau eho kim loai va hdp kim tu dung dich ma ken 

De nhupm mau dien hoa cho cac vat bang kim loai tit dung dich ma kin 
thanh cac mau khac nhau trude tien phai ma dong hope ken trong dung djeh bat 
ky roi treo vao be ma ken co thanh phan va chi do nhuom mau nhu sau : 


NiCl 2 .6H 2 0 

NH„Cl 

Tioure 

Nhiet dp 

pH 

f), 


50-100 g/1 
30-60 g/1 
15-30 g/1 
15-25 °C 
4,5-5,5 

0,02-0,2 A/dm 2 


Anot bang ken tam. Thdi gian nhuom phu thuoc vao mau sac cin chon, 
thUdng dao dong trong gidi han th 5 den 15 ph. Nhuom xong, rifa sach, say 
kho va phu ldp sdn mong khong mau bang each nhung hay phun (tham khao 
them d muc 11.4.2), 


12.6.3. Thu dong ldp ma k£n 

De nang cao tinh bao vi cho ldp ma ken dipn hda trin nin thip trong 
m6i tritdng khong khl , sau khi ma ken dem thy dpng chung trong dung dich 
K 2 Cr 2 0 7 120-130 g/1 cl 85-95 °C trong thdi gian th 10 ph trd lin. Sau d6 riita 
sach, say kho. Khi do kim lopi nen trong cac 16 thung cua ldp ma ken bj thp 
ding vd tinh bao ve cua ldp ma dupe tang len. Trong dieu kiin khi quyen tinh 
bao vp nay dupe bao toan, khong bi mat di theo thdi gian. 

13.7. b6c lDp MA k£n HON(. 


Co nhieu each hoc bo ldp mp ken hong de ma lpi: 
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- Hoa tan anot ldp ma ken trong H z S0 4 cd ty trong 1,6 d 15-25 °C vdi 
D a = 5-10 A/dm 2 . Catot bang chi. Ldp ma dong lot khong tan dUdc. Neu nong 
do axit sunfuric loang han thi kim logi nen cung bj hoa tan. Dung de boc ldp 
ken tren thep, dong, dong thau. Doi khi con them phu gia dong sunfat, 
glycerin vao dung djch. 

- Hoa tan anot ldp ma ken trong dung djch NaN0 3 300-400 g/1 d nhiet 
do thudng vdi D a = 5-10 A/dm 2 . Catot bang chi. Ldp dong 16t cung bi hoa tan. 
Dung d§ boc ldp ken tren nen thep, toe dp kha nhanh. 

- Nhieu che' phdm hiiu cd ban s4n pha vdi axit, kiem hay xyanua 
thanh dung dich hoa tan hoa hoc ldp raa ken rat nhanh va tot. Vi du, che 
pham Udystrip 456 pha vdi H 2 S0 4 de hoa tan ldp ken tren nen dong va hpp 
kim dong; che pham Udystrip 402 pha vdi NaCN de hoa tan ldp ken tren nen 
thep ; hoac cac che ph4m cua Nhat Ban mang cac ten Top Rip, Safe Rip ,... 
cung co tac dung tifdng tu. 

12.8. Ki£m TRA DUNG DICH MA Kf?N BANG BINH HULL 

Dg kiem tra dung dich ma ken dien phan ngudi ta thudng dung binh 
Hull (xem hinh 6.2 , inuc 6.1). Dong dien tong di qua binh la 2 A; chi khi dung 
de phat hien tap chat kim loai hay chat htfu cd mdi dung dong dien be hdn , tit 
0,05 den 0,25 A. 

Catot Hull bang dong thau hay thep dildc gia cong cd, hoa, dien hoa ,... 
nhu cac san pham ma khac. Sau khi ma trong binh Hull vdi dung dich can 
kiem tra, c&n cif vao tinh trang ldp ma ken thu dUdc tren catot Hull ma danh 
gia dung dich ma nhu sau : 

- Dung djch mg ken bong dupe xem la tot neu toan bp dien tich catot 
Hull deu rat bong, d6ng nha't, khong b; md sitdng; 

- Toan bp mat catot bdng deu nhung dp bdng khong cao : thieu cha't 
san bang (chat bdng loai 2); 

- Vung Ung vdi mat dp dong dipn cao ldp mg bj md, cho khac xam-md, 
phan con lgi rat bong : thieu cha't bdng logi 1 (chat giam dp gion); 

- Vung mat dp dong dipn thap ldp mg toi, cd vet soc hoac lorn dom : 
dung djch lhn nhieu tgp cha't kim logi hay san pham phan huy cac chat hUu 
cd hodc qua du chat phg gia; 

- Ldp mg nhieu chim kim ; thieu cha't chd'ng r6 hay bj lln tgp cha't; 

- Vung mat dp dong dign cao ldp mg cd m&u til xam den den. Ldp mg 
b; “chay” : pH qua cao hay nong dp H 3 B0 3 qua thap. Nong dp ion ken qua 
thap; 

- Ldp mg nham, nhap nho : qua thita cha't bdng hoAc tgp chat hfiu cd; 
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- Vung mat do dong dien thap khong c6 16p ma, kha ning phan bo 
cua dung dich kem : dung qua nhieu phu gia hflu cd hay lan Cr 6 ' vao dung 
djch. Neu lSn cac chat oxy hoa khac nhu nitrat, peborat, nude oxy gia cung 
gay hien tUdng tudng tu. 

Tren day la nhiing dieu chung nhat vdi moi dung dich, khi dung chat 
bong hay hoa chat dac biet, co ban s&n can tham khao them y kien cua nha 
cung cap. 
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Chifcfng 13 

MA SAT 

Sat (Fe) co trong litpng nguyen tit 55,85 ; ty trpng sat dien giai bang 
7,71; nhiet do nong chay 1650 °C; difdng liidng dien hoa cua Fe 2+ la 1,042 g/Ah; 
dien the tied chuhn cua F el Fe 2+ la - 0,44 V, cua Fe 2 7Fe 3+ la +0,75 V cua 
Fe/Fe 3t la -0,036 V. 

Trong khong khi kho, be mat sat tao thanh ldp oxyt thu dong, ngan 
can khong cho tiep tuc bi oxy hoa nfia; nhitng neu khong khi am, sat b; an 
mon. Trong cac axit loang , sat bi hoa tan thanh muoi sat hda trj 2; con HN0 3 
dac va H 2 S0 4 dac, sat bi thu dong. Trong dung dich kiem sat khong bi hoa 
tan, trU trUdng hpp kiem dac, nong. 

Ket tua sat thu diidc bang phddng phap ma dien c6 cau true va tinh 
chat khac han vdi sat che tao bang phifdng phap luyen kim. Sat dipn giai co 
do sach cao, ca'u tao dong nhat nen bi an mon cham hdn rat nhieu so vdi sat 
thdng thudng. 

Mau sic ldp mg sat thay d6i tir xam sang den xam toi tuy thugc vho 
dieu kien dien phan; ldp mg min nhu nhung, hdi bong ho£c rat bong.. Do cutng 
ldp ma dao ddng th 1,2-1,3 den 6,5-7,5 GPa (1 GPa = 10 3 MPa = 10204 g/cm 2 ). 
Nhupc diem chinh cua ldp ma nay la kha gion, do tham nhieu hydro, (vi hydro 
thdat ra mgnh va hdn tuc tit catot), dp ben keo va dp dan hoi thap. Litdng 
hydro ha'p phu vho ldp mg dao dpng tit 0,003-0,1 phan trong litpng thy thupc 
vao ch§' dp mg. Nung ndng den 800-900 °C se duoi dttpc het hydro ra nhitng dp 
citng ldp mg lgi giam di. Nung ndng den 200-400 °C dp cvtng liic dau tang l§n 
sau dd lgi giam di do sat hydrua dupe sinh ra lam tang dp ciing nhitng khong 
ben nen de dang bi phan huy. 

Vgt mg lhm vige d ndi khac nghipt can phai tha'm than sau khi mg sat. 
Khi dd hydro bi duoi ra va ldp be mat se bao hoa cacbon, lam tang dp ciing vh 
do gdn bam cho ldp mg. Tham than tien hanh d 830-850 °C va lam ngupi 
trong nude muoi roi dem toi, ram hay mg crom, 

Ldp ma sat chu yeu dUdc dung de phuc hdi cac chi tiet may da bi mon 
hay bu cho cac chi tiet may bi hut kich thitdc khi che' tao. So vdi mg crom, mg 
sat co nhitng itu diem sau : tdc dp mg nhanh hdn; ghn bam rat chac vdi nen; 
tieu ton it dien ndng hdn. Ldp mg sat co the mai, tham than, mg crom len. 
Cho them phu gia dac biet vao dung dich co thl difdc ldp mg rat ciing, chiu mhi 
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mon rat tot. Co th<5 ma skt xop, chifa nhieu dku de boi trcfn cho cac chi tid't 
may lam viec ma sat. 

Trong cong nghiep in, thudng ma sit len cac khuon in typo de ting so 
lupng ban in cung nht( de bao ve kim loai nen khong bj mile in tac dang lam 
hit hai. Ddi khi ma sit dUdc dung nhu ldp ma lot d§ ma kem hay thiec len cac 
vat bkng gang. Gan day ma skt dude dung nhu mpt phUdng tipn de han cac 
mieng hpp kim ciing vao de cac dung cu ckt got; each 1km nky cac manh hpp 
kim khong bi oxy hoa trong khi han, do gkn bam cao, khong co rtng suat npi tai 
moi han. Chieu dky Idp ket tua cd the den 3-5 mm, toe do ket tua 0,20-0,25 
mm/h. 

Chieu day 8 ldp ma skt co the tfnh theo cong thiic gan dung sau : 

8- 13,3 H.t.D r , pm, (13.1) 

trong do H - hieu suat dong dien (thUdng tit 0,7 den 0,95), % ; 
t - thdi gian ma, h: 

D c - mat do dong dien catot, A/dm 2 . 

Giong nhu ma ken, ma skt cung co phan cUc catot ldn va luon kem 
theo hien tupng thdat khi hydro. Vi vay phai chon thanh phan dung djeh vk 
dieu kien dien phan nhu the nao de han che hydro thdat ra den mile thap 
nhat. 

Khi tkng nhiet dp dung djeh, hieu suat dong dien ma skt se tkng len do 
th6at hydro giam di dong thdi giam ca phan cUc cua skt 1km no de thoat ra 
hdn. G’ nhiet do phong, toe do ph6ng dien cua ion hydro vUpt xa toe do phong 
dien cua ion skt nen hieu suk't dong dien thok't kim loai giam di. 

Hieu suat dong dikn giam xuong rat nhieu khi tkng do axit cua dung 
djeh, do do buoc phai duy tri pH cf gia tri cao nhat c6 the dupe. NhUng neu pH 
qua cao cung khong co lpi vi dung djeh trung hoa hay gan vdi trung hoa 
thUdng xay ra hipn tupng thuy phan muoi skt. Ion Fe 3+ c6 mkt trong dung 
djeh se anh hudng rk't mpnh den hipu suk't dong dien catot, dong thdi con 1km 
giam chk't lupng ldp ma- Vi vky cac dung djeh mdi pha che xong nhk't thik't 
phai xtt ly dipn cho den khi khut het cac ion Fe 3+ thknh ion Fe 2+ . De tranh oxy 
h6a Fe 2+ thknh Fe 3+ tren anot ckn tkng dipn tlch anot vk d$.t chung trong cac 
tui vai. Mkt khac khong bao gid dupe khuk'y dung djeh bkng khPng khi nkn. 

De ma skt co the dung dung djeh clorua, sunfat hay hon hpp cua 
chung. Vi nhipt dp dung djeh la yeu to chinh anh hUdng den tlnh chk't vk chk't 
lupng ldp ma nen ngUdi ta thudng chia chung thknh dung djeh ndng vk dung 
djeh ngupi. Ldp ma thu dupe tit dung djeh ndng chi chda 0,002% hydro nen 
mem vk deo; thich hpp cho vipc seta chUa, phpc hoi mky mdc. Ldp ma thu dupe 
tit dung djeh ngupi chda den 0,1% hydro, nen edng vk gion. Song dung djeh 
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ngu6i An mon it hon, van hanh dcfn gian hcfn, lam viec on dinh hem, nen trong 
cong nghiep in chu yeu dung loai dung dich nay. 

De 16p ma g&n bam chic veti nen, trildc khi ma sat can phai hopt h6a 
anot cho vat ma. Neil ma trong dung dich clorua can hoat hoa trong dung dich. 
sau : 

H 2 S0 4 350-370 g/1 

FeS0 4 .7 H 2 0 10-25 g/1 

Nhiet dp phong 

D a . 60-70 A/dm 2 

Thcfi gian 2-3 ph 

Catot chi hay th£p khong gi 

Neu ma sat trong dung dich sunfat can hoat hoa trong dung dich : 
H 2 S0 4 350-365 g/1 

D a : - doi vdi thep cacbon 40-60 A/dm 2 
- doi vdi gang 15-20 A/dm 2 

Nhiet dp phong 

B6 mat sau khi hoat hoa xong phai trang, sang, khong c6 mang den;, 
sau do rifa that sach trong nitdc la roi mcfi dem ma. De trit bo het mang thu 
dong, sinh ra trong khi hoat hoa, diu tien can ngam khong dien vat ma vao be 
ma trong 10-180 s, sau do ket tua bang mat do dong dien tha'p (1-5 A/dm 2 ) va 
tang dan mat dp dong dipn trong 5-10 ph l€n den gia tri quy djnh. 

Cau tut chinh cua dung dich clorua la FeCl2.4H 2 0 . Do la tinh the mau 
luc nhat, dp hoa tan d nhiet do phong la 626 g/1; cl 100 °C la 950 gA. Nong dp 
muo'i dS dang xac djnh bang each do ty trong dung dich. Cac dung dich thjnh 
hanh hien nay chi khac nhau ve nong dp FeCl 2 .4H 2 0. Bang 13.1 trinh bay cac 
dung dich clorua va che dp lam vipc cua chung. 


Bang 13.1. Cac dung dich clorua ma sat 


Thanh phSn (g/1) dung 

[ Dung djeh sfi ( 

dich vd ch4 d6 ma 

1 

2 

3 

FeCl2.4H 2 0 

200-220 

400-450 

600-650 

HCI 

0,5-1,0 

1.5-2,0 


O c , A/dm 2 

30-50 

d$n 50 

20-30 

Nhiet d& , °C 

60-80 

60-70 

80-100 

Do ct/ng , GPa 

4.5-6,5 

2,5-4,5 

1,8-2,0 

Chieu day, mm (t6i da) 

0,8-1,5 

d«n 2,0 

2,0-3,0 










Dung dich 1 , nong dp thap, thjnh hanh trong cac nha may s&a chUa 
dto dung de phuc hoi cac tiet may bi mon. Ldp ma sit, chic, nhdn, dp ciing cao. 
Khi catot bi “cay” phai ngUng ma; muon dupe chieu day ldn hdn nfia co the ma 
tiep lan thU hai sau khi da gia cong cd cho be mat ma. Khi ma neu de nhipt dp 
ha thap qua ldp ma co the bi nutt, bong. Dung dich 2, nong dp trung binh, 
dung de phuc hoi cho chi tiet bi mon qua nhieu. Ldp ma nhan, sit, elide nhUng 
hdi mem. Dung dich 3, n6ng do cao, cho ldp ma mem va dai. 

Mot tien bo trong cong nghe ma sit la ma trong dong chay. Trong do 
dung dich dupe dung la ; FeCl 2 .4H 2 0 650 g/1, HC1 2-2,5 g/1; Nhiet dp 80 °C, 
D, = 40-60 A/dm 2 . Khoang each giiia anot va catot la 2,5 mm. Toe do chay cua 
dung dich khong ldn hdnl5 cm/s. Toe dp chay c6 anh hudng den hieu suat 
dong dien, dp edng va toe dp ma. Thay ding khi tang toe dp chay cua dung 
djeh tU 0 ldn 15 cm/s , hieu suat dong dipn da ting tU 87,9% len 97,6%; dp 
cUng ldp ma tU 3,0-4,0 GFa len 4,0-5,0 GPa ; toe do ma cung t&ng va dat den 
270 pm/h. 


De ma sat xop dung dung djeh sau : 
FeCl 2 .4H 2 0 


KC1 

MnCl 2 .4H 2 0 
Axit ascorbic 
pH 

Nhipt dp 


600 gA 
100-120 gA 
15-20 gA 
0,25-0,5 gA 
2-3 
phong 


D c 20-30 A/dm 1 

TrUdc khi ma s4t, vpt gia cong phai dupe hopt hda anot trong dung 
dich H 2 S0 4 die, co them 20 gA K 2 Cr 2 0 7 ; nhipt dp phong, D a = 10 A/dm 2 trong 
2 ph. 


Khi van hanh cac dung dich clorua can die bipt chu y den vipc dieu 
chinh thudng xuyen dp axit cho dung dich trong qua trinh ma. Neu de thieu 
axit, dung dich sat catot se bi kiim hoa va trd nen dye do sinh ra Fe(OH) 2 vh 
Fe(OH) 3 , chung ldn vdo ket tua 1dm ldp ma hi gion, nham .... NgUpc lpi neu 
thUa nhieu axit se 1dm giam hieu sud't dong di£n xuo'ng rat ro. Gidi han tren 
cho phep cua HC1 la 3 gA. Dp axit cua dung dich co the dieu chinh theo chi 
tieu : cut thong qua 1 Ah phai bo sung them 0,8 g axit. 

Cho phu gia hutu cd vao dung dich se thu dupe ket tua co ham lupng 
cacbon cao. Vi dp, them 60-70 gA glycerin va 30-40 gA dUPng se cho ldp ma sdt 
chUa 0,5-0,6% C. 

Cho phu gia axit ascorbic 0,5 g/1 va bo vo dinh hinh 30 gA vao dung 
dich clorua va ma d 20 A/dm 2 tpi nhiet dp phong se cho ldp ma sdt chUa 2-5% 
bo . Gia cong tiep ldp ma d 1100-1150 °C trong chan khong qua 1 h se nang 
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cao di/<?c dp chin mai mdn len 10-12 lan so vdi ldp ma sfit binh thitdng: dp 
ciing ldp ma cung tang l§n den 12 000 - 16 000 MPa. 

Pha chi' dung dich. : Hoa tan phoi thep it cacbon vao dung dich HC1 
(2:1) se dupe FeCl 2 . Khong dung phoi tlidp hpp kim co chda crom. Phoi thdp 
tri/dc khi dung phai diipc tky speh dau m3 trong NaOH 10% d 60-70 °C ; nia 
sach; hoat hoa trong axit cho mat het gi; hoa tan phoi speh trong binh chju 
axit, tien hanh nOi thoang gid. Nhidt do dung dich 30-40 °C . Ldpng axit nen 
lay dit mpt it. Khi ngiing thoat khi hydro la luc hoa tan xong, giai doan hoa 
tan nay keo dai vai ba ngay. Sau do vdt bd phoi con thita; ling, loc lay dung 
dich trong cho vao be, do ty trong va chinh den nong do da dinh, hum gid 
lupng HC12-3 g/1 va dipn phan xd ly dung djeh cho d£n khi co mau vang nhat. 
Dung d(ch de lau trong khong khi se co mau vang d$m hein do Fe 2+ bj oxy hda 
thanh Fe a+ va cho ldp ma nham, gion va khong dong deu. 

Cau tit chinh cua dung dich sunfat la FeS0 4 .7H 2 0 , dp hoa tan cua 
muoi nay la 485 g/1 cl 20 °C. De thu dUdc ldp ma sat citng dung dung dich sau : 
FeS0 4 .7H 2 0 200-250 g/1 

Axit tatric 1-4 g/1 

K 2 S0 4 100-150 g/1 

D c 3-10 A/dm 2 

Nhiet do 20-60 °C 

pH 2,5-3 

Hipu suat dong dien 70-80% 

Ldp ma sfit edng va rat bong thu difdc tit dung dich co them phii gia 
glycol nhit sau : 

FeS0 4 .7H 2 0 180-200 g/1 

Glycol 10 g/1 

Axit tatric 0,5 g/1 

pH 2,0-2,2 

Nhiet do phong 

D c den 9 A/dm 2 

Hipu suat dong dien 82-87 % 

Ngoai ra con co cac dung dich cho ldp ma mdm, bong dung lam ldp 
lot de ma coban, ken hay crom len. 
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Chvfdng 14 

MA CROM 


Crom (Cr) dipn giai Ik kim loai mail trkng bac co anh xanh; co do cdng 
rat cao vk chju mai mdn rat tot. Trong lUdng nguyen tvt 52,01. Nhi|t dp nong 
chay 1750-1800 °C. Theo dien the tieu chuan (Cr/Cr 3+ - -0,7 V) thi no thupc cac 
kim loai hoat dong; nhifng trong khi quyen be mkt crom dupe sinh ra IPp mang 
mong oxyt rat kin, chic, chong kn mon tot, 1km cho crom gift dupe mku skc va 
dp bong rat lau. Trong khong khi km vk trong moi trudng oxy h6a, crom c6 
dien the +0,2 V, vi vay crom la IPp ma catot doi vdi thkp nen phai kin mPi c6 
kha nkng bao ve dupe nen thep. 

Crom bln trong khi quyen am; trong khong khi chfia H 2 S vk S0 2 ; 
troifg cac dung dich. axit sunfuric, nitric, photphoric, axit htfu cd, dung djeh 
kiem. Nhung trong dung dich axit HC1, vk trong H 2 S0 4 dkc n6ng crom bj hoa 
tan do mang oxyt bj pha huy. 

Trong cac hpp chat, crom thuPng co hoa trj +3 vk +6 . Hpp chat crom 
hoa tri +6 la chat oxy hoa manh. Cr0 3 hoa tan trong nude tao thanh hon hpp 
cac axit cromic. Trong dung djeh loang tao thanh H 2 [Cr0 4 ], trong dung djeh 
co nong dp trung binh tao thanh H 2 [Cr0 3 (Cr0 4 )]; con trong dung djeh dac tao 
thanh H 2 [Cr0 3 (Cr0 4 )2] vk H 2 [Cr0 3 (Cr0 4 )3]. Tat ca cac axit cromic deu la cac 
axit manh. DUdng lupng dipn hoa cua Cr' 1 ' lk 0,648 g/Ah, cua Cr 6+ lk 0,324 
g/Ah. 

IT - ng dung quan trong cua crom dien giai 1a : ma crom trang stic rat 
mong trong he IPp ma bao ve-trang sUc; ma crom bao vp chong kn mon; lk 
nang cao do ben mon cho cac diing cp cam tay; ma crom ctfng phpc h6i chi tilt 
may da bi mon,... 

Trong he ma bao ve-trang stic nhieu IPp, IPp crom thuPng chi day 0,3 
den 1 pm. LPp crom dien giai gkn bam rat tot vPi thep, ken, ding vk hpp kim 
dong (neii chuan bj be mat tot vk ma crom dung quy each). Ngupc lai ma cac 
kim loai khac len be mkt crom rat kho, khong gan bam dude, do IPp crom oxyt 
tren mat ngkn trd. 
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14.1. CAC LOAI L6P MA CROM 

Tuy theo che do dipn phan ma ldp ma crom se c6 nhfitng tinh chat rslt 
khac nhau; dUa theo cac tinh chat nay chia thanh ba nhom ldp ma crom (hinh 
14.1) : 

- Ldp ma crom xam, co cd ly tinh kem nen khong dung; 

- Ldp ma crom bong, cd do cdng cao, chiu va dap tot; 

- Ldp ma crom sda, co do xop be nhat va dan hoi nhat. 

Crom ket tua dien co tinh chat cd ly khac Mn vdi crom hoa luyen. Ty 
trong cua crom phu thupc vao che do ket tua (bang 14.1) nen moi nhom ma co 
mot tri so khac nhau. 

Neu phan chia theo chile nang thi cac ldp ma crom co ba loai: crom bao 
vp-trang stitc; crom chong an mdn; va crom chohg mai mou, va dap. 

- Ldp ma crom bao ve-trang she dung cho cac vat ma lam vipc trong 
moi triidng khl quyen. Ldp ma crom nay cd the la bong, cho bong cho md, 
den hay cd man khac. D§ dam bao tinh bao ve cho loai ldp ma nhy thUdng 
phai ma lot ddng va ken, do do hinh thanh he ma. bao ve- trang site nhieu ldp : 
Cu-Ni-Cr hay Ni-Cr, trong do ldp crom thifdng day 0,3 - 0,5pm. 



Hinh 14.1: Vung cho cac ldp ma crom khac nhau td dung dich co 250 g/l Cr0 3 : 
i- vung crom xam md, II- vimg crom bong; III- vung crom site; IV- vimg khong ma ddge 

Gan day da pho cap ldp ma crom xop te vi. va crom nitt te vi thay the 
dan cho ldp crom thit'Ong trong cac he ma nhieu ldp ndi tren. Ldp crom xop te 
vi ditpc tao ra bang each ma crom bong 0,3 pm len ldp ken composit, the ldp sil- 
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nickel (xem 12.3), cac hat ran, trcJ cua ldp ken n4y tao nen v6 van 16 xop te vi 
cho ldp ma crom. Ldp ma crom ndt te vi dude tao ra bang each ma crom day ^ 
0,8 pm de chung se td ndt thanh crom ndt te vi; ho4c vin ma crom bong day 
0,3 pm nhung trade do phai ma them ldp ken mong cd ting suat ldn de tao ra 
mang ndt te vi cho ldp crom tren nd. 

Bang 14.1. Ty trong cua crom dien giai phu thude vao c he d6 ma 


Nhom I6p ma 

crom 

Ch4 <J6 ket tua 

Ty trong Cr, 

g/cm 3 

0iSn trd ridng, 
10' 8 n.cm 


nhidt <J6, °C 

Crom md (xam) 

40 

45 

6,9 

60 

Crom bong 

35 

55 


60 

Crom sOa 

20 

65 

7,1 

30 

Ca quau d 1200 °C 



7,2 

10 


Trong khi quyen, crom la ldp ma catot do'i vdi ken. Khi tpo ra nhieu 16 
xop te vi hay vet ndt te vi thay cho so it 16 xop to cua ldp ma crom thudng tdc 
la da tang tong dien tich anot cua cac vi pin an mon len, lam cho mat dp dong 
dien 4n mon giam di. Hien tapng an mon ken luc nay dupe trai ra tren mpt 
dien rpng nen toe do rat cham, do do ldp ma ken khong bj thung do 4n mon 
nhanh va tap trung tai mpt so' it diem xop to, lam hd nen thep (hay dong) ra. 
Nhd do tinh bao ve cua hp ma tang len rd't nhieu. 

- Ldp ma crom bao vp co the gom 1 hay 2 ldp. Crom bao ve 1 ldp la ldp 
crom sfla it xop, day to'i thieu 20 pm . Crom bao vp 2 ldp dung cho trudng hpp 
vfla can chong 4n mon tot vita edn chong va d$p cao. Ldp dau tien 14 crom sfia 
day 20 pm, ldp thti 2 14 crom bong, chiem tit 30 den 50% chieu d4y ldp ma 
tong. 

- Ldp ma crom chju m4i mon v4 chiu va dap cd hai loai ; kin v4 xop. 
Ldp ma crom kin dUdc dung de nang cao dd chiu va dap cho san pham mdi che 
tao cung nhu de phuc hoi kich thude cho cac chi tiet may cu da mon. Ldp ma 
crom xop chong m4i mon r4t tot; cac 16 xop dupe tao ra sau khi ma b4ng each 
hoa tan anot, cac 16 hay ranh xop n4y chtita dau boi trdn, dam bao cho be m4t 
14m viec ma sat rat tot ngay ca d nhiet do cao. 

14.2. £>AC fil^M QUA TRINH MA CROM 

Ma crom cd nhieu diem r4't khac vdi cac qua trinh ma khac : 
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- Ma crom tien hanh trong dung dich la hon hpp cac axit cromic 
(H 2 Cr0 4 va H 2 Cr 2 0 7 ) chut khong phai la mud'i cua kim loai ket tua. 

- Dung djch nhb't thiet phai co mat anion hopt hoa (con goi la anion 
xuc tac), thubng la S0 4 2 “ , F", SiF,f, khong co chung khong the dien ket tua 
crom duoc. 

- Nong do anion hoat hoa phai khong che chat che trong mot gidi han 
hep mdi thu duoc ldp ma tot va hieu suat dong dien cao, vi dp, dung anion 
hoat hoa la sunfat thi nong do SO/'chi dupe phep bing 1/100 ndng do Cr0 3 . 

- Ma crom co dien the khu ion cromat rat am, higu suat dong didn 
catot rat thap, mat db dong dipn rat Idn, kha nang phan bo ldp ma rat kem. 

Tat ca cac dieu nay co lien quan den co che' phong dien cua Cr ' tren 
catot. Tuy nhien cd che phong dien nay rat phirc tap va con nhieu tranh cai. 
Mot trong nhdng each giai thich cd che qua trinh catot nhu sau : ion sunfat va 
axit cromic trong dung djeh tao thanh mot loai phiic chat, phtic nay cd kha 
nhng bi hydro mdi sinh khu Cr h+ thanh Or 3 ' . Khi bat dau dien phan, do hydro 
thoat ra nen ldp dung dich sat catot se giau dan ion Or va pH tang Ien, tao 
dieu kien thuan loi cho ion Cr 3+ tac dung vdi phde noi tren de sinh ra mang 
keo rat mong tren catot. Chinh mang nay da lam cho phan cue catot tang len 
rat manh, den inUc du de khut ion Cr !+ thanh Cr kim loai. Do crom ket tua d 
dien the rat am ma qua the thoat hydro tren crom lai be, cho nen khi hydro 
thoat ra tren catot rat manh lam cho hieu suat dong dien chi dat 10-15 %, tang 
mat do dong dien hieu suat dong dien se tang len mpt it. 

- Khong dung anot crom hoa tan ma dung anot trcf bang hdp kim chi. 
Tren anot xay ra qua trinh thoat oxy va qua trinh oxy hoa Cr 3 ' thanh Cr 6+ . 
trong qua trinh dien phan, anot bi phu ldp chi oxyt Pb0 2 , co tac dung xuc tac 
cho cho phan Ung oxy hoa Cr 3+ -> Cr"' va bao ve cho anot khong bi pha huy. 
Neu giu duoc ty so' thich hop giua mat do dong dien anot va catot thi se can 
bang duoc lupng Cr 34 sinh ra d catot va mat di d anot: muon vay, theo kinh 
nghiem can giu dung ty 1$ dien tich giua catot va anot trong gidi han tut 1/2 
den 2/3. 

14.3. CAC TAO VA TINH CHAT LC1P MA ( ROM 

Ldp ma crom co cau tao tinh the’ rat nho mjn. Ldp crom bong cd tinh 
the nho nhat; 0,001 - 0,01 pin . Ldp crom mb va suta co tinh the to hon : 0,1 - 
10 pm. Ldp ma crom cd chtia 0,2-0, 5% oxy, 0,03-0,07% hydro va mot it nitd . 
Nhiet do dung dich cang cao, mat do dong didn cang thap thi the tich khi lin 
vao crom cang be. Sau khi ma dem xut ly nhiet d 300 °C co the’ duoi duoc 80% 
hydro khoi kim loai ma. 


11 -CNM0 
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Ldp ma crom c6 2 dang cau tao : aCr , co ty trong 7,1 g/cm 3 , sip xep 
chat che, va (3Cr , co ty trong 6,08 g/cm 3 , sap xd'p ft chat che hem. Ma b nhi§t 
do cao, mat dp dong didn 16n se ftu tien sinh ra aCr, cho lctp ma bong, ctfng. 
Ma b nhiet do thap, mat dp dong dipn nho chu yeu sinh ra pCr, cho ldp ma 
xam toi, xop, bam kem. Dang pCr chi ben b nhiet do dftdi 25 °C, khi nhiet d$ 
cao hetn no se ttf chuyen sang dang aCr on djnh hdn, dong thdi giai phong 
hydro hap phu va co rut the tich, tao thanh mang vet nftt chi chit tren mat ldp 
ma. 

Tlnh chat ldp ma dupe quyet djnh bdi cau tao tinh the cua no. Lctp ma 
crom co do ctfng thupc loai cao nhft't, trong d6 dang aCr cho dp ctfng cao hdn 
dpng |3Cr . Vi vay thay doi dieu kien dien phan (nhiet dp, mat do dong dien) se 
thay doi difdc do ctfng do chung tfu tien tao ra dang aCr hay dang (3Cr Sau 
khi ma dem xtf ly nhiet trong lh b 650 °C se giam do ctfng ttf 9000 MPa xuong 
con 5000 MPa. 

Ldp ma crom co tfng suht noi cao, nguyen nhan lh do sii co rut the tich 
khi no ttf chuyen dang ttf pCr sang aCr, nhi/ng vin bam rat chic vcfi nen, 
Ket qua la ldp ma bi rap ntft, tao thanh mang vet nftt chang chjt khap be mht 
ldp ma- Ma d nhiet do cao ftng suat se be va mang vet nftt cua ldp ma cung 
thifa hdn. Vet nftt co the lam thung ldp ma thhnh mang xop ranh. Vet nftt cua 
ldp ma crom chi xuat hien khi chieu day da dat den mot. gia trj. nhat d;nh 
(bang 14.2). Vay co the dieu khien do xop ldp ma bang che dp dien phan va 
bang ty so" nong do Cr 0 3 /H 2 S 04 cua dung dich. 


Bang 14.2. Chieu ddy toi da cua ldp ma crom chua bi hurt 


NhiSt do, 

°C 

D c . 

A/dm 2 

Chieu day ttf da, 
jim 


Nhi&t do, 

°C 

Dc. 

A/dm 2 

Chi£u day ttf da, 
jim 

40 

16 

2.5 


55 

30 

30 


30 

1,5 



40 

10 






64 

14 

50 

10 

1.2 






30 

3 


65 

80 

1,5 

___J 

64 

4 






Dien phan d nhiet do va mat do dong dien thupc mien giap ranh gifta 
crom bong vft crom sfta se cho ldp ma co tinh chiu va dap v<4 mai mon cao. Cao 
nhat la cac ldp ma thu difdc tft dung dich loang va ma b 60-68 “C. 
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D 6 deo cua ldp ma crom cung phu thupc vao che dp dipn phan. Ma cr 
nhiet dp thap, mat dp dong dien cao se dupe ldp mat crom bong ho$c md 06 do 
gion cao. Ma d nhiet do cao, mat do dong dien thap se dupe ldp crom siia deo. 
Chieu day 6 ldp ma crom co the tlnh gan dung theo c 6 ng thtitc sau : 

5 = 4,6H.t.D r , pin, ' (14.1) 

trong do H - hidu suat dong dien (H = 12-18%)-, 
t - thdi gian ma , h; 

D r - mat dp dong dien catot, A/dm 2 . 

14.4 CAC DUNG DICH MA CROM 

14.4.1. Ma crom tif dung dich co anion S0 4 2 ~ 

Dung dich chi gom hai cau td : Cr0 3 va H 2 S0 4 . 

Cr0 3 co the dupe dung vdi nong dp thay doi trong mpt khoang rat rong 
ttf 150 g/1 den 400 g/1 vhn khong anh hudng gi nhieu den dang ve ben ngoai 
cua 16p nip. Nong do ldn cho ldp ma it cifng, hieu suat dong dipn va kha nhng 
phan b 6 thap. Nong do loang cho ldp ma rat cUng, hieu suat dong dien va kha 
ndng phan bo cao 

H 2 S0 4 dupe dung de cung cap anion hoat hoa S0 4 2 ~. Nong do H 2 S0 4 
cao co xu hudng cho ket tua bong, tinh the nho; nong do thap cho ket tua xam, 
kdm chat lupng; nhung ca 2 trudng hpp nay deu lam giam hipu suat dong dien. 

Ty le nong do gifta 2 cau tut naj' tot nhat la Cr0 3 / H 2 S0 4 = 100/1 ; luc 
do 16p ma se bong sang nhat, cho hieu suat dong di§n cao nhSt (12-18%), kha 
nang phan bo' ldn nhat. Ty le 70/1 den 80/1 cho IPp ma rat ci'mg, nhat la ma b 
nhiet do cao, nhung khong sang bong. O' cac ty le khac cho hieu suat dong 
dien rat thap, ldp ma d! bi loi, co nhieu cham nau, den, tham chi khong ma 
dupe. 

NgUcJi ta chia dung dich ma crom thanh 3 loai theo nong dp cua chung 
nhu trong bang 14.3. 


Bang 14.3. Cac dung dich ma crom chita anion S0 4 2 


Loai 

Nong do cac. cau td, g/1 

Che do ma 

dong dich 

Cr0 3 

h 2 so 4 

O c , A/dm* 

nhipt do, °C 

Dung dich van n3ng 

220-250 

2,2-2,5 

15-60 

45-55 

Dung dich loang 

150-175 

1,5-1,75 

45-100 

55-66 

Dung djeh <J$c 

■ 

275-300 

2,75-3,0 

10-30 

35-45 


i 
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Dung dich van ning, con goi la dung dich ti§u chuin, dtipc dung rpng 
rai nha't, d§ ma crom trang Stic, ma crom bao ve, ma crom cting. Hipu suit 
dong dien 12-14%. Chung co nong dp trung binh; co dp din dipn thap n§n doi 
hoi dien the cao mdi dat dtipc mat dp dong dien yeu cau, thitting dieh the tai be 
la 8-10V. Kha ning phan bo trung binh; khoang nhiet do va D, lam viec rpng; 
thanh phan dung djch ft bien dpng. 

Dung dich loang chi dung d! ma crom cting, chong mai mon. Hieu 
suit dong dien 13-15%. Kha ning phan bo' cao nhat; thanh phan dung djch 
bien dong nhanh trong qua trinh lam viec. 

Dung djch die chi dung dd ma bong de bao ve-trang stic. Hieu suit 
dong dien 8-10%. Kha nang phan bo tha'p. Khoang nhiet dp va D, lam viec 
rong va thanh phan dung djch on djnh trong qua trinh ma. 

Hai yeu to anh hitting rit manh den qua trinh lam viec cua be ma crom 
la : mat do dong dien va nhiet do. Chung c6 quan hp chat che vtii nhau, yiu to' 
nay thay doi thi yen to' kia cung phai thay doi theo. Khi ting nhipt do dung 
dich se lam giam hipu suit dong dien, thu hep khoang D c lam vipc, ting dp 
bay hdi dung djch, do do can phai tang D c len de giti cho qua trinh ma dtipc 
binh thticing. Ngoai ra ma ti nhiet dp cao se giam do cting cua ltip ma crom. 

Anh hitting cua mat dp dong dien den hipu suit dong dien trong cac 
dung djch co ty so Cr0 3 / H 2 S0 4 = 100/1 dtipc trinh bay trong hinh 14.2. 

lfng vtii moi nhipt dp cua dung djch co mpt ngitting D, to! thieu va ket 
tua crom chi xay ra dtipc khi dung mat do dong dien ltin hdn ngitting do. Nhiet 
do cang cao, ngitting nay cang ltin. Kha ning phan bo co kha hdn khi ting mpt 
do dong dien len. 

H. % 



Hinh 14 2. Anh huting cua D c den hieu suat dong didn cl 55 °C 
va nong do Cr0 3 bang 150 g/! (1); 250 g/l (2); 350 g/l (3) 





Ion Cr' i+ tu sinh ra tit catot (hole dung dubng kinh de khii Cr ' thanh 
Cr J> luc ban dau), neu khi dung dich chi ehda tir 2 den 6 g/1 Cr 3 ' thi khong co 
anh hubng den tinh chat ldp ma, ngUdc lai con lam tang hieu suat dong dipn 
len doi chut. Nhung khi nong do Cr 1 ' ldn hdn se lam tang dp nhdt va giam do 
din dien cua dung djch; khien cho khoang D,. cho ldp ma bong bi thu hep lai. 
Khi nong dp Cr 3 * len den 15-20 g/1 , ldp ma se gion, xam den giong nhu khi 
thieu anion SO„~"hay khi ma d nhiet dp thap qua. 

Tap chat sit co nong dp th 8-10 g/1 trd len cung gay tac hai giong nhu 
Cr i+ khi nongdo qua ldn dbng thdi con lam mb va chain nan tren ldp ma. Ion 
dong cung co tac hai tUdng tu. Tap chit NO.f rat co hai cho be crom, chi can 
0,1-0,2 g/1 da lam ket tua bi mb xin. 


Bang 14.4. Che do dien phan de tqo cac kieu ldp mq crom khdc nhau 


C£c ki4u 
ldp ma crom 

Chi tJ6 ma crom 

nhilt 46, °C 

D c , A/dm* 

Ch6'ng va (Mp, mSi m6n 

55-58 

80-100 

Crom cOfhg 

45-50 

100-120 

Crom ch6ng In mdn 

60-65 

20-40 

Crom bio vl 

_1 

58-60 

60-70 


Thay doi che dp dipn phan hoan toln cd the tgo ra cac kieu ldp ma crom 
co tinh chat khac nhau ( hinh 14.1) vl do dd cd nhUng pham vi titng dung khac 
nhau (bang 14.4). 

D§ on djnh nong dp S0 4 2 "cd the’ cho dd muoi kho tan SrS0 4 vao dung 
dich, phan da tan cho nong dd S0 4 2 * dung yeu clu cua dung djch ma crom 
loang, phan du chua tan nlm trong dung djch, luc n|o cung sin sing tan ra dd 
bu S0 4 2 ~ cho dung djch moi khi nong dp cua no bi giam; vi v|y chung dupe 
goi la dung dich tu dieu chinh. 

Thanh phln dung dich tp dieu chinh gom : 


Cr0 3 140- 170 g/1 

SrS0 4 ' 6 - 8 g/1 

Che do ma crom tif dung dich tu dieu chinh nhu sail . 

Kieu ldp ma Nhiet do, °C D c , Atdni 


Crom mb 35 - 45 50 - 80 

Crom sda 65 - 75 20 - 40 

Crom bong 55 - 65 60- 80 

Them cac phu gia htfu cd vao dung djch ma crom cho phep ting hipu 
suat dong dien, ting dp bong, ting kha nlng phan bo' on dinh che dp lam vipc 
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cho be ma. Phu gia cho be ma crom van nang la metyl xanh 1-5 g/1, axit galic 
0,5-3 g/1, sunfanylamit 7-10 g/1. Phu gia cho be ma crom tu dieu chinh la natri 
pyridinsunfonat 50 g/1 

De giam bay hdi va mat dung dich hut theo khi thong gio nen cho vao 
dung djch chat giam site c&ng be mat nhu che ph^m co tin cromin (2-3 g/1), 
cromocsan (0,15 g/1) hay mistrol (0,6 g/1). Hoac tha mot ldp vat noi tren mat 
dung dich cung dat dUdc muc dich ay, thudng dung vat noi dang vien bang 
polyetylen, polystirol va cac loai polyme khac. 

14.4.2. Ma crom tif dung dich co anion F " 

Ma crom tU dung dich chtfa F c6 nhftng Uu diem so vdi dung dich chUa 
S0 4 2 la . co the ma d nhiet do phong: kha nang phan bo' va kha nang ma sau 
tot hdn: ngUdng D, tdi thieu thap hdn, the co the ma d mat dp dong dien rat 
thap (0,5-2 A/dm’): hieu sua't dong then cao hdn. 

Do lam viec dupe d nhiet do phong nen cho phep ma crom trong thung 
quay hay chuong quay tit dung dich nay. Thanh phan dung dich va che do ma 
nhu sau : Cr0 3 300 - 400 g/1, KF.2H 2 0 8 -12 g/1; nhipt do 20 - 30 °C,D c = 
10 A/dm 2 . 

Vi dung dich chit a anion F“ co tinh an mon cao nen be chUa phai boc lot 
bang chat deo, khong dung chi; anot phai dung hpp kim Pb-Sb(6-8%) hay Pb- 
Sn(4-6%). Anot Pb dl sinh ra chat chi florua bao phu lam tang dien trd len. 

Ldp ma thu dupe tif dung dich chUa anion F ~ co do ettng thap, do dan 
hdi cao va co the ma bong dupe. 

14.4.3. Ma crom tif dung dich co cac anion S0 4 2_ va SiF # i_ 

Dung djch chUa dong thdi hai anion S0 4 2 ~ va SiF 6 2 " da lam tang 
khoang nhidt dp va mat do dong dien cho ldp ma bdng len; tang kha nang phan 
bo; vh trong mpt so' trUdng hpp eg the con tang dupe nang sua't ma crom len. 

Diem noi bat cua dung dich nay la thhnh phan cua nd luon on dinh nhd 
dung du cac muo'i kho tan chUa cac anion ay, nen cung thupc loai dung djch tu 
dieu chinh. Thanh phan tdi uu va che do mg cua dung d;ch nky nhu sau : 


Cr0 3 

250-300 g/1 

SrS0 4 

5,5-6,5 g/1 

K 2 SiF 6 

18-20 g/1 

Nhiet dp 

55-65 °C 

D c 

40-100 A/dni 

H 

17-18 % 


Dung dich nay co kha nang tu dieu chinh d§ ty so giUa n6ng dp Cr0 3 va 
cac anion luon kh6ng doi. Hipu sua't dong dien ( H) tang khi ning cao nong dp 
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cac cau tit. Khi dung D c cao (50-100 A/dm 2 ) thi nhipt do it anh hudng den H , 
nhifng khi dung D c thap thi nhi£t do anh hudng rat manh den H . Cung nha 
dung djch chita F , dung djch nay co tinh an mon manh do! vdi chi nen be 
chifa phai bang chat deo, anot phai dung hup kim chi vdi 5-10% thiec. Ngay 
nay co ban nhieu loai che pham dung de pha vdi Cr0 3 thanh dung djch tu 
dieu chinh co Uu difem nhu it an mon, khoang D c lam viec rong, kha nang 
phan bo ldn, ting suat be .... 


14.4.4. Ma crom tut dung dich tetracromat 

Khac vdi cac dung djch ma crom binh thudng, axit cromic trong dung 
dich tetracromat da dupe trung hoa bang NaOH, va crom trong dung dich ton 
tai d dang natri tetracromat Na 2 Cr 4 0j 3 . Dung dich nay dupe dung de ma 
crom bao vp-trang site. 

Dung dich tetracromat van hanh d nhiet do thudng, ket tua co mail xam 
nhung rat de danh bong de dat do bong rat cao; ldp ma mem deo, khong co 16 
xop, co the ma day tren 20 pm de thay the cho h| ma bao ve-trang site nhieu 
ldp Cu-Ni-Cr . Dung djch ntiy khong xam thUc nen cho phep ma true tiep len 
dong thau va hup kim kem. 

Sail day Id cong thfic eua mot dung dich thuoc loai nay : 

CrO a 350-400 g/1 

H 2 S0 4 2,5-3,0 g/1 

NaOH 40-60 g/1 

Nhipt dp 15-24 °C 

D r 10-60 A/dm 2 


Hieu suat dong dien ~ 30 % 

Nong do Cr 3+ trong dung dich cln phai dat 10-15 g/1, muon vay phai cho 
vao dung djch 0,8-1 g/1 dudng kinh. 

Do tetracromat bi phan huy d nhiet do cao n§n chi dupe phep ma d nhiet 
dp khong qua 24 °C , nhifng D c phai dung kha ldn nen dung dich luon bi dun 
ndng , mfit khac mua he nude ta nhiet do trong phong thudng ldn hdn 24 °C , 
cho nen bude phai lam lanh dung dich thudng xuyen, dd 16 nhuuc diem ldn 
nhti't cua dung dich ntiy. Ngodi ra do cUng ldp ma khong cao, chua ma bong 
true tiep dupe, phai danh bdng co. Tuy nhien dung dich nay cung co nhieu uu 
diem rat d$c bipt : co the ma crom nhieu lan chong len nhau ma khong phai 
bde bo ldp ma cu; cd thi ma crom phtin doan cho cac vat qua ldn, khong the 
nhung het mpt lan v6o be dupe; trong qua trinh ma dupe phep ngting cap dipn 
mpt luc de tu chinh r6i ma tiep; hipu suat dong dipn cao n§n toe dp ma ldn, 
khoang 1 pm/ph; ldp ma hau nhu khong cd 16 xop, Ung suat bd, phan bo' chieu 
day kha ding deu,... 
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Nong do H 2 S0 4 bang 2-2,5 g/1 cho ldp ma de danh bdng; nong do cao hdn 
cho ldp ma gion, goc canh vat ma co cac vet sang bong: nong d6 thap hdn hi|u 
suat dong dien giam rat nhanh; khong co H^SO^ ldp ma co nhieu soc den. 

Nong do NaOH toi itu la 40-60 g/1; thap hdn 40 g/1 se lam giam hieu 
suat dong dien; ldn hdn 60 g/1 se lam ldp ma gion, co vet sang bong. 

Khi ma d D r - 10-25 A/dm 2 cho ldp ma mem, dl danh bong ; ma d D, — 
40-80 A/dm 2 cho hieu suat dong dien cao hdn, cho ldp ma cifng hdn nhimg ting 
suat van be. 

Ma d nhiet do cang cao hieu suat dong dien cang giam: ma 6 nhiet do 
qua thap ldp ma se co mau xam, kho danh bong. 

14,4.6. Ma crom den 

Ma crom den dung cho cac vat can co he so phan quang th&p ho^c de 
trang she trong nhting trifdng hdp ddc biet. Do crom den chong an mon kdm 
nen phai ma kin hay crom thong thitdng du chieu day yen cau bao v| roi mdi 
m?i tiep crom den ra ngoai. Ldp crom den hau nhti khong chtia crom kim loai 
ml la to hdp cac oxyt va hydroxyt cua Cr 24 va Cr’ <+ , cung nhu cua crom 
hydrua. Dung djeh ma crom den khong bao gid co H 2 S0 4 , thanh phln cua 
chung duqc gidi thi|u trong bang 14.5. 


Bang 14.5. Mot so dung dich ma crom den 


Thanh ph£n (g/1) dung 
dich va cha' d6 ma 

Dung dich sd 

1 

2 

3 

4 

5 

Cr0 3 

50-400 

300-350 

250 

260-300 

300-400 

Cr(N0 3 ) 3 .9H 2 0 

3-7 

- 

- 

- 

- 

NaN0 3 

- 

7-10 

5 

- 

- 

aif 3 

2-5 

- 

- 

- 

- 

Ba(CH 3 COO )2 

- 

5-7 _ 

- 

- 

- 

h 3 bo 3 

8-20 

12-15 


- 

- 

BaC0 3 

. 

- 

- 

- 

5-10 

ch 3 cooh 

- 

- 

- 

5-6 ml/I 

- 

Ca(CH 3 COO )2 

- 

- 

- 

• - 

4-8 

Zn(CH 3 COO) 2 

- 

- 

- 

- 

2-5 

NhiSt <36, °C 

10-30 

15-25 

20 

20-30 

25-40 

D c , A/dm^ 

15-30 

20-75 

50 

80-100 

30-100 


Dung djeh 1 cho ldp ma rl't den; dung djeh 2 ma trong 5-15 ph cho mau 
den thSm. Dung djeh 3 de an sau vao khe khuat; dung dich 4 m# trong 4-6 ph 
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cho ldp ma phan quang rat tha'p. Dung dich 5 ma trong 10-12 ph cho ldp ma 
dep mat; nfen den an hien cac van xanh sim giong nhtf ma nao. 

Sau khi ma crom den xong, rha ky, say kho roi lau din. 

Hidn nay hoa chat ma crom den dtfdc ban dudi dang cac che pham tong 
hpp da ma hoa co htfdng din each set dung cua nha cung cap, cho dai mau rong 
tir nau §ang den tuy y muon. 

14.5. MA CROM XOP 

Be mat ldp ma crom kho tham dau md nen de bj ma sat kho khi chiing 
trtfdt len nhau. De nang cao tinh tham dau md boi trdn cho be mat ldp ma 
crom tren cac vong gang, xylanh ,... cua cac ding cd dot trong can phai tao xop 
cho chung. Co nhieu each tao xop, trong do each thy anot cho ldp ma crom 
bdng dupe dung pho bien nha't. Khi tay anot thi cac vet nit, cac 16 xop trong 
ldp crom bj hoa tan lim cho chiing ring ra, sail them, tao thinh nhiing 6 chtia 
dau md boi trdn rat tot. Co hai dang xop : xop ranh vh xop diem. Thtfdng 
thtfdng vong ging hay ma crom xop diem, xylanh hay ma crom xop ranh . 

Ldp crom xop gom hai phan : phan dudi kin, phin mat xop. Phan xop 
chiem khoang 1/3 tong chieu day ldp crom. 

Tat ca deu ma tir dung dich van nang; chi can thay doi dieu kipn ma : 

- Phin kin ma 6 dieu kipn : D c - 80-100 A/din 2 , t ~ 65-75 °C; 

- Xop ranh ma d dieu kipn : D c = 60 A/dm 2 , t = 60-65 °C, ma diy cd 100- 
125 uni. Tot nhi't la dung dung djeh cd ty 16 CrCV H 2 S0 4 = 115/ 1; 

- Xop diem ma 6 dieu kipn : D e = 50 A/dm 1 , t = 50-52 °C, ma day toi 
thieu 100 pm. Dung djeh co ty Ip Cr0 3 : H 2 S0 4 = 250 g/1; 2,5 g/1 li tot nhi't. 

Sau khi ma xong tien hinh tay anot ngay trong be da ma crom ho$c 
trong mpt be ridng chtia dung djeh cung loai. Tiy anot ding D a - 50-55 A/dm 2 
trong vai ba phut, co the lau hdn hay lip Igi vai lin n§'u can 16 xop sau hdn 
ho$c muon giam bdt chieu diy ldp ma- Nhtfng tiy qua lau , xop ranh se 
chuven thinh xop diem vi mat dp x6'p se giam. 

Tao xop co the thtfc hien ngay sau khi ma, the li trude khi gia cong cd. 
Cach nay khong doi hoi phai ma crom dung klch thude; cac u budu, ciy gai.... 
sinh ra khi ma crom se bi mii nhfin trong khau gia edng cd tiep dd. Cung cd 
th£ gia cong cd roi mdi tao xop cho ldp ma. Cach niy nhanh hdn, be mht san 
phim nhin hdn vi khdng phai ma doi chieu diy nhieu. Chieu shu 16 xop diem 
trong thanh phim phai dat tir 25 den 50 pm ; chieu siu ranh xop trong thinh 
pham phai cd 25 pm. 

Sau khi tao xop can riia sach, shy kho vi gid d nhiet dd 150-180 °C trong 
1,5-2 h de' khtf gion vi khuyet tat. 
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14.6. PHA CH6 DUNG DICH VA VAN HANH Bfc MA 

14.6.1. Pha che dung dich 

- Cac dung dich chtia ion sunfat chfcfc pha che bang each hoa tan Cr0 3 
v&o nude cat hay nude mem.Do hoa tan cua chung 6 nhiet do phong 620-630g/1. 

Dung dich dUdc khuay can than cho tan het va de 1 ngay sau mdi set dung. 
Cr0 3 ky thu&t thitdng co 14n mpt it H 2 S0 4 vi vay phai tret lupng n4y khi them 
cau tet thit hai H 2 S0 4 vao dung dich mdi pha. 

- Dung dkh tu dieu chinh : hoa tan Cr0 3 nhit tren; xac dinh nong do 
CrO , va S0 4 " ; ket tua ion sunfat du bang SrC0 3 ; cho them cac muol kho tan 
theo ddn chi dinh; dun nong dung dich den 60-70 °C va khuay ky; gifl d nhiet 
do nay 16-18 h; ma xu ly d D r va nhiet do 14m vipc trong 2-3 h. 

- Dung dich tetracromat: hoa tan Cr0 3 nhit tren; xac dinh nong dp S0 4 2 ; 
NaOH pha thanh dung dich va rot tit tit v4o dung dich tren; khuay ky; khi 

dung dich da nguoi cho H 2 S0 4 vao cho du litpng quy dinh. 

14.6.2. Dieu chinh dung dich ma crom 

Ma crom khong dung anot tan nen dung dich loang d4n theo thdi gian 
ma. Luc do phai dung dung dkh die pha sin de bo sung v4o be ma. 

Do'i vdi dung dich tu dieu chinh thi ion sunfat trong dung djeh d£c pha 
sin cung phai dung SrC0 3 de chuyen chung thanh dang ket tua. 4 Con SrS0 4 
va K 2 SiF e bo sung theo chi tieu sau : cU 1 lit dung dich da ma dupe 1 m 2 san 
pham can phai bo sung 1 g SrS0 4 va 6 g K 2 SiF 6 

Khi nong dp Cr 3+ tich tu qua nhieu phai ma xif ly : dung catot thbp c6 
dipn tich be hem anot, ma xU ly vdi D a - 1-1,5 A/dm 2 con D c phai Idn hPn. 

14.6.3. Vain hanh 

Vat ma bang dong, dong thau dfe tranh bi tan khi mg crom phai ndi dipn 
trude roi mdi dua vao be. Vat ma to, n$.ng phai 14m ndng trUdc trong nttdc den 
nhiet dp ma roi mdi dua v4o be. 

V£t ma bang sat thep dupe lam nong ngay trong be ma crom hay trong 
be hoat hoa anot. Trade khi mp phai hoat hda anot ngay trong b4’ crom 0,5-3 
ph. Phai ding dong xung ldn ga'p 2-3 14n dong dkn mp binh thucfng trong 0,5- 
1,0 ph dau tien. Khi dang mp crom day bi ma't di#n hay khi can mp tiep crom 
len be mat crom cho d&y th§m phai dua vat v4o be dpi n6 n6ng len bang nhiet 
do dung dkh, doi chieu dong dien trong 0,5 ph de hoat hoa be mat no roi mdi 
bat dau ma vdi D c nho va nang dan len den gia tri quy dinh trong 3-5 ph. 
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Vat mg bang gang trade khi ma crom chi dude tay dau md hoa hoc va co 
ky bang mun cua hay nadc vdi. Vat ma bang thep ben an mon trade khi ma 
crom khdng can hoat hoa anot. hoac hoat hoa rat nhanh. Cac v|t nay phai 
dimg dong xung gap 2-3 Ian dong dien binh thadng trong 1-2 ph dau tidn. 

Vat da ma ken phai ma crom ngay, de lau se kho mg crom len. 

Vat da qua tay bong dien hoa can tay nhe trong HC1 3-5% trade khi mg 

crom. 

Vgt bang hop kim nhom bien dgng trade khi mg crom phai gia cong 
trong dung dich zincat hai lan (xem mucll.3.3 va muc 12.4.4). Vat bang hop 
kim nhom due sau khi tay kiem va axit co the mg crom ngay, khong can mg 
lot. 

Vat bang hop kim mage phai ket tua kem tiep xuc td dung dich 
pyrophotphat va ma dong xyanua day 3-5 p.m roi mdi mg crom dupe. 

Vat bang hop kim titan trade khi mg crom phai tay dau md trong dung 
mdi hdu co, tay trong hon hop cac axit HN0 3 va HF, sau do t4y anot trong 
dung d;ch gom 0,06 phan trong lupng HF, 0,06 phan trong lupng ZnF 2 ,0,88 
phan trong lupng etylenglycol. Do ggn bam cua ldp mg crom vdi titan dupe 
nang len nhieu neu dugc nung nong d 800 °C trong 2 ph. 

Thep da tham nito chi co the ma crom len sau khi da khif ldp gidu N 
tren mat. 

Gia treo, moc treo, tiep diem phai du ldn de tai duoc dong dign yeu cau 
ma khong b; qua nong . Theo so lieu thile te, cil 1 mm 2 tiet dien cua dong dan 
duoc 2,5A; cua nhom - 1,8A; dong thau - 0,9A; thep - 0,5A; ken - 0,4A. Dau 
gia hay moc treo phai bet va uo'n thanh cac gdc dp thfch hpp de tdng dign tiep 
xuc giufa chung vdi cau cue; cd the’ ch'y them cac vit chi d dau gia treo. 

Vht ma crom phai mic, ghdp ch&t vdi gia, mdc treo; khi can thiet co the 
ghdp bang oc vit hay hhn. Cac phan khong can mg crom cua vgt .mg phai each 
dign bang vat ligu polyetylen, PVC, chat deo khdng b| hong trong dung dich 
mg crom,... 

Cac vht ma crom co 16 cut, gdc chet,... khi treo vho be ma phai chon vi 
tri thich hpp sao cho khdng bi dong bot khi. Cac vgt dai phai treo doc theo 
chieu dai be, thinh thoang phai xoay trd. Cac vgt cd khe, lo nho phai dung chi 
14'p kin, miet bang mat rdi mdi mg. Cac vat cd hinh dgng dac bipt : nho cao, 
lom sau, gdc nhon .... can chon Ipa va ap dgng cac logi catot phg, anot phg, 
vgt chan ,... thich hpp nha't de phhn b6' Igi dong di^n den be mgt mg dape dong 
deu nhat. 

Ldp mg crom day dem ngam vao axit nitric nong trong vai ba gid se 14m 
cho be mat crom thu dong va co nhieu uu diem : khdng bien doi mau, khdng 
tan trong HC1 nfia, ben hoa nhu bgch kim. 
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TAng dp ben an mon cho be mat thep ma crom bang each gia cong catot 
cho no trong dung dich : 

Na 2 Cr 2 0 7 50 g/I 

Nhiet do 95 °C 


pH 4,5 

D, 0,3-0,5 A/dm 2 

Thdi gian 1 den 2 phut. 

Hoac chi ngarn vao dung dich nay trong 2 h cung co ket qua tucmg tu. 


14.7. 


BOC LOP MA CROM HONG 


Loai bo ldp ma crom hong bang cac each : 

- Hoa tan hoa hoc b nhiet do phong trong dung dich HC1 15-20% . 
Cach nky thich hpp cho viec t&y ldp crom mong tren vat mp bang thdp, dong, 
dong thau, vat da ma dong va ken. Sau khi t£y xong be m^t rat hopt d$ng nen 
ma lai crom ra't thuan lpi, nhung chd de HC1 lin vao be crom; 

- Hoa tan anot b nhiet dp phong trong dung djeh NaOH 5-10% vdi D a - 
10-20 A/dm 2 . Cach nay thich hpp cho vi$c tay ldp crom mong tren cac vat 
bang thdp hay vat da ma ken; 

- De b6c ca ldp crom va ken cung mdt luc dung each hoa tan anot trong 
dung dich H 2 S0 4 80% vdi D a - 3-5 A/dm 2 ; 

- D§’ bde ldp crom day trdn nen thdp dilng phUPng phap hda tan anot 
trong dung dich Cr0 3 100-400 g/1. 

Hipn nay tren thi trudng nude ta da co ban cac- chat tdy hda hpc va dipn 
hoa de bde cac loai ldp ma hong, trong dd cd ldp ma crom, set dpng kha hipu 
qua ; Vi du, nhom chd' pham Udystrip cua hang Enthone-OMI hay nhdm che 
pham TOPRIP cua hang Okuno .... 
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Chtftfng15 

MA KIM LOAI QUY VA HIEM 


15.1. MABAC 

Bac (Ag) la kim loai mem, deo. Dudng lupng dien hoa 4,025 g/Ah. Dp 
cling ldp ma 883-1370 MPa, Dien trd rieng d 18 °C la 1,6.10 8 O.m. Ldp ma 
bac co do dan dien, do din nhiet va do phan quang cao. Chju uon, chju nong 
tot, nhung kem chiu nen ep. 

Bac ben trong cac dung dich kiem va trong nhieu axit huu cd. H 2 S0 4 d&c 
chi hoa tan dude bac khi dun soi, con HN0 3 chi can dun nong. Clo, amoniac va 
cac hqp chat chiia lifu huynh tac dung len be m;it bac se sinh ra mang co dien 
trd tiep xuc ldn va kho h&n. 

Mac du bac dat va hiem vin dude dung kha nhieu vi no nhieu tinh chat 
hoa ly dac biet, kho thay the. Ldp ma bac dude dung de tang phan quang cho 
cac thiet bi chieu sang vh cac dung cu quang hoc khac ( pha den, gUdng, phan 
xa ke ,...) de giam dien trd tiep xuc cho cac tiep diem, de nang cao do ben an 
mon cho cac vat lam viec trong moi trUdng xam thUc nhu trong cac dung dich 
kiem chang han. Ma bac con dude dung rong rai trong nghe kim hoan, trong 
che tao huan chudng, huy chudng ,... 

Chieu day ldp ma bac thudng la 3-6-9-12 um tuy thuoc vao dieu kien 
lam viec cua no. 

Ma bac dien hoa phai dung dung dich muoi phde; vi tii dung djeh muoi 
ddn bac se tu thoat ra ngay khi vita nhung vat la kim loai co dien the am hdn 
bac vao dung djeh, chua kjp noi dien (ma hoa hoc), nen ldp ma tdi xop, gAn 
bam kem. Thong dung hdn ca la dung djeh xyanua vi no cho ldp ma tot nhat. 
Nhilng xyanua doc nen co the thay bang cac dung dich phiic it dpc hay khong 
doc nhu feroxyanua, iodat, sunfoxyanua, pyrophotphat,... tat nhien chat ludng 
se khong bAng. 

15.1.1. Ma bac tCf dung dich xyanua 

Cau tu chinh cua dung djeh nay la muoi phtfc AgCN.nKCN (n =2-4 tuy 
thuoc nong do xyanua tu do) va xyanua tu do KCN hoAc NaCN. 

Muoi phde bac xyanua sinh ra khi hon hdp cac dung dich AgN0 3 va 
V vdi nhau : 
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AgN0 3 + KCN = AgCN + KN0 3 - 

AgCN ket tua tring, di dang hoa tan trong KCN du thinh muoi phUc : 

AgCN + KCN = KAg(CN) 2 . 

Phtifc nay rat ben, dien ly kem, hing so khong ben rat be : K = 8.10 22 , 
nen nong do ion ddn Ag + se rat nlio; va bac thoat ra tren catot true tiep tit 
anion phtic Ag(CN) 2 _ thanh ldp mat : 

Ag(CN) 2 - + e = Ag + 2CN", 

Nong do bac thap, xyanua cao cho kha nang phan bo" t6t, thUdng dung de 
ma mong 2-5 pm. Nong do bac cao cho phep ma cl mat do dong dien ldn, nhat la 
khi tang nhipt dp. 

Nong dp KCN tu do cang nhieu, phUc cang ben, ldp mu chng mjn, g&n 
bam chic, diy deu tren catot, nhung dong dipn toi da cho phep cung giam 
theo. KCN con lam ting do din dien, lam cho anot di tan, de mu bong hdn. 

Muoi kali dude ua dung hdn muoi natri con do no co dp hoa tan tot, dp 
dan dien ldn hdn va-cho phep dung mut do dong dien cao hdn: ldp mu co ly tinh 
tot hdn. 

N0 3 " khong anh hildng gi den dung djeh nay, tham chi con cin thiet doi 
vdi dung djeh ma Tdi toe do cao, giup anot di tan nhat la khi ndng do xyanua 
thap. 

Dung djeh xyanua nay cung chiia mot ludng cacbonat do ta cho vao hay 
do hap thu C0 2 tU khong khx hoic do KCN thuy phan ra ma dan dan ting lin. 
K 2 CO ;i co tac dung ting do din dien, ting kha ning phan bo; gidi han tren cua 
chung la 110 g/1, cao hdn ldp mu se tho, nham. 

Tren moi kim loui nin deu phai mu lot rat nhanh (20-60 s) trong dung 
dich buc loang va du nhieu xyanua de dao bao do gin bam . Vi dp : 

-Dung djeh mu lot len dong, thau : AgCN 3-5 gA, KCN 75-100 g/1, nhipt 
dp 20-30 °C, D c = 1,6-1,7 A/dm 2 . Anot bang thep khong gi. 

- Dung djeh mu lit len sit thep : AgCN 2 g/1, CuCN 11 g/1, K 2 C0 3 90 g/1, 
nhiet do 20-30 °C, D c — 1,6-2,7 A/dm 2 . Anot bang ken, grafit 

Ma lot xong khong cin rua, dua ngay sang mot trong cac dung djeh ghi 
trong bang 15.1 de mu tiep den dp day can thiet. 

Dung dich 1 de mu cho du chieu day tiep theo ldp ma lot, cho ldp ma md 
' tren cac san pham gia dung. Dung djeh 2 co the dung de ma bong vdi cac chat 
bong tuy chon. Chat bong co the la sunfua cacbon (bao hoa), natri tiosunfat 
(IgA),tioure (45 gA), 2-mercaptobenzotiazol (0,2505gA), hay cac che' pham die 
biet khac. 
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Bang 15.1. Cac dung dich ma bqc xyanua 


Thanh phftn (g/I) dung 
djeh va ch3 d6 ma. 

Dung dich so 

1 

2 

3 

4 

5 

KAg(CN) 2 ,t(nh ra Ag 

20-30 

20-45 

35-115 

30 

40-50 

AgCN 

- 

31-56 

44-153 

- 

- 

KCN ting 

- 

50-78 

68-235 

- 

- 

KCN tudo 

20-40 

35-50 

45-160 

20 

- 

k 2 co 3 

20-30 

15-90 

15-90 

30 

20-40 

kno 3 

- 

- 

40-60 

- 

- 

KOH 

- 

- 

4-30 

- ■ 

- 

Co 2 ’ 

- 

- 

- 

1 

- 

KCNS 

- 

- 

- 

- 

200-250 

D c , A/dm 2 

0,3-1,5 

0,5-1,5 

0,5-10,0 

0,8-1,0 

1-2 

NhiSt dfl, °C 

18-30 

20-28 

38-50 

18-30 

18-30 

Chat bong 

“ 

tuy 

tuy 

' 

- 

’ 


Dung dich 3 dung cho ma cong nghipp, toe dp ma nhanh : khi nang nhipt 
do len 45-50 °C va khuay dung djeh co the dung den 9-10 A/dm 2 . KOH dupe 
dung d day de tang cUdng hoa tan anot cho phu hpp vdi toe do ma va lam cho 
xyanua dd bj phan huy. 

Dung djeh 4 cho Idp ma ctfng va chiu mai mon hdn, ma cho cac tiep 
diem. C6 the thay Co 2+ bang Ni 2+ (0,4-0,5 g/1). Dung djeh 5 it dpc hai hdn va 
toe dp ma tUdng do'i cao. 

Pha che dung dich : Sau khi tinh toan va can dung trong lupng AgN0 3 , 
KCN va cac chat khac, dem hoa tan rieng chung trong mot it nude mem. 
Khuay deu dung dich KCN va rot tif tut dung dich AgN0 3 vao, them cac chat 
con lai va nude den the tich da quy dinh. Loc qua than hoat tinh trude khi cho 
chat bong vao. 

15.1.2. Ma bac tuf cac dung dich khac 

Vi dung dich xyanua doe nen co the ma bac trong cac dung dich phtfc it 
dpc hay khong doe sau day, tuy nhien chat lupng ma co kem hdn doi chut. 

- Dung dich, feroxyanua \ cho Idp ma md, min, lam vipc on dmh, kha 
nang phan bo' cao. KCNS dude dung de khac phuc hien tUdng thu dpng anot va 
cho hieu suat dong dien cao hdn. Sau day la mot loai dung dich nhif vay : 

AgN0 3 tinh ra Ag + 25-30 g/1 

KCNS 120-150 g/1 

K 2 C0 3 25-30 g/1 

K4Fe(CN) 6 .3H 2 0 tu do 50-80 g/l 
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Nhipt dQ l 8 ' 30 ° C 

j) 0,3-0,5 A/dm 2 

S / S c 1/1 - 1/2 

Pha chi'dung dich : Rot dung dich K«Fe(CN)e vio dung djch AgN0 3 . 
Sau khi tao thanh ket tua trdng cua Ag 4 Fe(CN) 6 , rot dung dj.ch K 2 C0 3 
vao va dun den soi. Khi xuat hien mau nau trong dung dich, khuay nhp va tu 
tit rot H 2 0 2 30% vao cho dh 50-60 mlfl, roi lai dun soi trong 1-1,6 h. Khi soi se 
hinh thanh phdc bac tan va sinh ket tua Fe(OH) 3 Loc, rUa ket tua bang nude 
nong de tan thu bac. Ro ket tua. Dung dich thu diitjc them KCNS da hoa tan 

va them nude den the tich da tfnh toan. 

- Dung dich sunfit : Can tu chinh la phitc NaAgSO, , thUdng dung tit 
25 den 100 gfl. Ma d 15-25 °C va D r - 0,2-0,3 A/dm 2 , ne'u khuay dung dich hay 
lac catot thi co the nang D c len 1,5 A/dm ; . Anot bang bac. Hieu sua't dong dien 
xap xi 100%, kha nang phan bo cao va cho ldp ma min, dl danh bong. 

Pha che dung dich : Cho AgNO s vao dung dich Na 2 S0 3 bao hoa, khuay 


cho tan het se ditdc dung dich mong muon. 

'- Dung dich iodat : Hoa tan AgCl hay Ag 2 S0 4 vao dung dich KI ddc 

se dude phdc K 2 AgI 3 . Sau day la hai dung dich loai nay : 


AgCl 27 gA 60 gA 

KI 400 gA 450 gA 

Gelatin 1-2 gA 1-2 gA 

D 0,1-0,2 A/dm 2 2,5-3,0 A/dm* 

Nhiet do 25 °C 60 C 


Co the thay gelatin bdng 40-50 gA polyetylen-polyamin . Khd nang 
phan bo cua dung dich nay khong bang dung dich feroxyanua. Dung dkh 
iodat lam viec on dinh, khong xara thilc, cho ldp ma kin, min. Ldp ma hdi 
vang, kMc phuc bang each : sau khi ma, rita trong dung dkh iodat 20% rdi 
mdi rita bang nude. 

- Dung dich sunfoxyan ua : thanh phan dung dich va che' do ma : 


AgN0 3 , tinh ra Ag f 25-30 gA 

KCNS 300 gA 

Chat hoat dpng be mat 5-10 gA 

Nhiet do 18-30 C 

D 0,5-1,0 A/dm 2 

Anot bang bac; can ma 16t trade khi ma trong dung dich ndy. ThUdng 


dung dung dich nay, de ma day dong cho thiet bi thong tin, hay ma len bia 
ding, nhUa textolit, gom sit va cac vat lieu khong chiu dupe moi trddng kiem 
cua cac dung dkh ma khac. 
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- Dung didr pyrophotphat : thich hdp do'i 
C^p. Thanh phan va che do ma nhu sau : 

AgN0 3> tihh ra Ag f 

k<p 2 o 7 

KCNS 
Na 2 S0 3 
Chat tham urdt 
pH 

Nhiet dp 

D, 

Cho ldp ma bong. 


vdi cac vat co hinh dang phdc 

36-38 g/1 
200-250 g/1 
300-350 g/1 
1-5 g/1 

0,6-0,8 g/1 

8,0-8,7 
18-50 °C 
0,5-2,0 A/dm 2 


15.1.3. Ma bac khong dung dien 

*> ir “ --**» 

KAg(CN) a , tinh ra Ag + ‘ ‘ * * 9 ‘ „ 

KCN 1,2 “ 2 ’ 4 8/1 

Hydrazinboran 

Nhiet dp \~*f 0 

pH 10~ 5 ° C 

Mne c “ h *»* V«ah6m 5 hay mag e roi 

AgNO„tmhraAg‘ I0 . 15 e n 


K,Fe(CN) B .3H 2 0 

K a CO., 

Nhiet do 
pH 


tir do 


15.1.4. Hoan thien ldp ma bac 


25-30 

10-20 g/1 

50-60 "C 
6,5-7,5 


15.1A.1. Chong macho ldp ma bac 

hhi huynh c'otongtaimZ ^ HiS “ C h ® ch * <**■ 

14m cho chung bj mu xin. giimeTJ ? “*?* “*** , (< °’ 07 •"» <"c au„f„ a 
tro nen kho han Day la van rl' * ^ dl ® n trd ti§p Xlic b ® mat, 

nay. tuy then muc dfch su dung "f, 8 "". f/' 8 eiii W* * Hign 

each sau : ' “" S “ a khfc am, nay bang cac 

- Phii ldp sap hay son trong, khong man; 
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- Thu dong h 6 a hoc ldp ma bac trong cac dung dich thlch hop, vi du 
dung dich dung chat tic che I-l-E 50-60 g/1, ngam trong 5-10 ph 0 50-60 °C; 
mang thu dong co tac dung trong thdi gian kha dhi, khong anh hudng den ve 
dep va kha n&ng han cua be mat; 

- Thu dong dien hoa trong dung djch bicromat : K 2 Cr 2 0 7 30-50 g/1, 
KOH 30-50 g/1, nhiet dp 15-30 °C, thdi gian 5-10 ph, D c 1-3 A/dm 2 , anot bang 
chi. Co the khong dung dong dipn ngoai bang each noi vilt ma vdi manh nhom 
va tien hanh npi dipn phan. 

Ket qua cung kha tot khi dung dung djch sau : K 2 Cr 2 0 7 25-50 g/1, 
K 0 CO 3 25-50 g/1, KOH 25 - 50 gA; nhipt do 22 - 30 °C, thdi gian 1-5 ph , D c - 
2 A/dm 2 , anot bang thep khong gi; hay noi vat ma vdi nhom hoac kem de noi 
dien phan; 

- Ket tua dien hoa ldp mang beryli hydroxyt de bao vp ldp ma bac tu: 
dung dich : BeS0 4 2,2-2,4 gA , Nhipt dd 15-25 °C, pH 5,6-5 ,8 , D r 0,005 - 
0,01 A/dm : , thdi gian 30 ph , anot bang thdp khong gi.Mhng bao ve co van ngu 
she nhat va hdi kho han: 

- Ma ldp mong (0,3-1,3 pin) kem, cadimi, crom hay rodi ra ngoai. Vi du 
mot dung dich ma rodi: Rh 2 (S0 4 ) 3 4 - 8 gA , H 2 S0 4 48 - 52 gA; nhiet do 15 - 
30 °C , D r - 0,4 - 0,8 A/dm 2 . Anot khong tan bang grafit: 

- Ma hdp kim bac vdi thiec, indi, cadimi, paladi ,... Hdp kim bac vdi 
kali, chi va paladi lau bi mb xin va khong lam tang dien trd va didn trb tiep 
xuc be mat; 

- Bao bi cho san phdm ma bac phai chon loai khong chda cac hdp chat 
cua luu huynh. Giay goi khong co lan hpp chat S va phai difdc tarn hoa chat 
chong gay mb bac. Dung tui bang chat deo trong suot la tot nhat. 

15.1.4.2. Oxy hoa bac va ldp ma bac 

Oxy hoa se cho mang co mau xam slm den mau xanh sdm, de trang site 
va de chong md dan theo thdi gian. Dung djch oxy hda dien hoa co thanh phan 
va che do lam viec nhif sau : 


Na 2 S 

25-30 gA 

Na 2 S0 3 

15-20 gA 

h 2 so 4 

3-5 gA 

Axeton 

3-5 mlA 

D a 

0,05-0,5 A/dm' 

Nhiet do 

phong 

Thdi gian 

3-5 ph 
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15.1.4.3. Nhuom mau cho bqc 

- Nhuom den cho ldp ma bac . sau khi ma bac xong, nhung vao dung 
djch CaS 2 50-g/l, say kho tren ngon den con, Ida gaz hay 16 dien. Lam lai vai 
ba lan cho den luc dUdc sac mau vita y. 

- Nhupm mau xam xanh toi cho b^c va ldp mg bac : thy rha sach be mat 
roi nhuom trong dung djch gom K 2 S 5/1, nhiet do 50-60 °C . Neu co rifa bang 
bpt da se cho mau bac co. 

- Tao sac man co kinh cho ldp mat bac . ma xong nhung vat vao dung 
dich gom CaS 2 1-2 g/1, NIL Cl 4 g/1. Riia nhieu nude, say kho. 

- Nhuom mau vang : vat bang dong, thau sau khi ma bac dem nhuom 
trong dung dich gom : Na 2 S 2 0 3 100 g/1, Pb(CH 3 COO) 2 33 g/1 . 

- Nhuom mau hong : nhung vat mdi ma bac xong vao dung dich CuCl 2 
dac, nong. Rua nude, rua con roi say kho tren ngon KVa. 

15.1.5. Thu hoi bac trong dung dich ma hong 

Thu hoi bac tir dung dich xyanua va feroxyanua dUdc tien hanh bang 
phuong phap dien phan dung anot khong tan den nong do 1,5-2,0 g/1. Luong 
bac con lai thu hoi bdng phUdng phap noi di$n phan dung dien cue bang thep 
ben an mon no'i ngdn mach vdi nhom. Bac se ket tua len tam thep va thoat tiep 
xiic ra tren tam nhom. 

PhUdng pliap khac la ket tua bac dudi dang AgCl bang HC1, sau do hoa 
tan ket tua bang HN0 3 de dude AgN0 3 . 

Co the thu hoi bac bang bot kem hay bot nhom, vi chung co kha nang 
day bac ra khoi nmoi trong dung dich. Ket tua bac thu dude con lan bot kim 
loai, can hoa tan chung trong HC1 nong neu dung bot kem, hay trong NaOH 
neu dung bot nhom. 

Tach chiet bac bang dung dich kiem amon bac bon 0,5 M trong 
tetracloetylen co them mot it rUdu decilic la phUdng phap ra't tien ldi. Sau do 
rut bac ra bang dung dich KCN va KOH se thu dUdc dung dich KAg(CN) 2 bao 
hoa. 

15.2. MAVANG 

Vang (Au) la kim loai mem, de can, dat, rat ben hoa. Axit, kiem, H 2 S va 
cac hdp chat luu huynh d§u khong tac dung dUdc vdi vang. Trong khong khi 
vang khong bi oxy hoa, khong bi md di. Vang chi hoa tan trong cudng toan, 
trong hon hdp HC1 vdi H 2 Cr0 1 va trong dung dich xyanua, 

Tinh chat hoa ly cua vang : ty trong 19,3 g/cm 3 : trong ludng nguyen tu 
197,20 ■. dien the tieu chudn cua vang hoa trj ba la Au/Au' 2, = +1,50 V, cua 
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vang hoa tri mot la Au/Au 4 = +1,691 V: difdng lupng dien hoa titctng ting la 
2,45 va 7,357 g/Ah; dien trcf rieng 2,45.10 8 n.m. 

Vang dung de ma bao ve chong dn mon cho cac dyng cu, may moc thi 
nghiem, y te; de ma cac tiep diem trong ky thuat dien tti dam bao dien trd tiep 
xuc nho va khong thay doi theo thdi gian; de ma cac san pham kim hoan 
Chieu day ldp ma vang kim hoan tti 0,25 den 3 pm, con cho cac muc dich khac 
til 3 den 6 pm. Thifdng ma vang true tiep len cac vat bang dong, thau, hoftc len 
ldp ma lot bac hay ken. 

Ldp ma vang la ldp ma catot nen chi bao v£ dude nen khi no khong co lo 
xop, thung. Do xop lai phu thuoc vao chieu day ldp ma, vao ban ch§Lt nen hay 
ldp ma lot. Vang di bi miet kin khi cUdm bdng cho chung. Thifdng cudm bong 
hay miet kin cho ldp ma vang bang mpt trpe danh bong. Ldp ma vang co dp 
ciing thap va chiu co xat, mai mon kem, vi vay nhieu trudng hpp phai ma hdp 
kim vang vdi coban hay ken de tang do edng, dp chiu mai mon ma man she 
cung dep them len, 

15.2.1. Ma vang tif dung dich xyanua 

Co ba loai dung dich xyanua de ma vang : dung dich kiem, dung djeh 
trung tinh va dung dich axit. 

- Dung dich xyanua kiem chiia vang hoa tri 1 dudi dang phde KAu(CN) 2 
va KCN til do. KCN co tac dung : ngin ngiia vang ket tua lai dudi dang AuCN. 
tang do dan dien cho dung dich; hoat hoa anot; gid pH trong pham vi 11-12. 
Dung dkh nay co dien the catot rat am nen khong co hien tifdng vang thoat 
tiep xuc ra tren catot khi difa vat ma vao dung dich, do do khong edn ma lot; 
ldp ma co do tinh khiet cao; tinh the nho mjn. Thanh phan mpt dung dich loai 
nav va che do ma nhu sau : 

KAu(CN) 2 , tinh ra Au + 4-10 gA 

KCN tudo 10-20 gA 

D, a 18-30 V 0,1-0,3 A/dm 2 

D, b 45-55 "V 0,2-0,5 A/dm 2 

pH 11-112 

Anot thep khong gi hay vang 99,99% 

Nong do cang ldn, nhiet do cang cao thi D r cho phep va hieu suat dong 
dien cang ldn. Nen dung KCN vi no cho do hoa tan ldn. Muon tang do din 
dien cho them vao dung dich 25-30 gA K; ( PC> 4 . 

Pha che dung dich : Hoa tan KCN va KAu(CN) 2 vao nude mem. Rot vdo 
be ma, them nude den the tich an dinh, khuay. 

- Dung dich xyanua trung tinh chiia vang hda tri 1 dudi dang phiic 
KAu(CN )2 va KCN tU do nhung rat it (1-2 gA). pH 6,5-7,5 va dude dieu chinh 
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bang H3PO4 . Dung djch nay chu yeu dung de ma day, cho dp tinh khiet thap; 
nhitng ldp ma nhiin hdn dung dich kiem. Dung anot khong tan. Hieu suat 
dong dien cao nhitng khong dat 100% vi tren catot co hydro thoat ra. Ting 
mat do dong dien se lam giam hipu suat dong dien, nhitng tang nhiet dp va 
khuay se lam tang hieu suat dong dien . Cacbonat tlch tp trong dung djch 
khong gay tac hai gi cho qua trinh ma vang ca. Dung djch sau day thupc loai 


nay : 

KAu(CN) 2 , tinh ra Au + 
Axit xitric 
Kali xitrat 
KH 2 P0 4 .3H 2 0 

ti 2 so 4 

D c 


8-12 g/1 
18-20 g/1 

40-50 g/1 
35 g/1 

0,0007-0,0008 g/1 
0,5-1,0 A/din 2 


Nhiet dp 60-80 °C 

pH 6,5-7,5 

Anot titan ma bach kim 

Nen khuay , loc lien tuc. Nhitdc diem cua dung dich nay la it on djnh. 

- Dung dich xyanua axit chita vang hoa trj 1 difdi dang KAu(CN )2 co 
cho them axit hdu cd axit xitric, axit tatric d6 duy tri pH trong khoang 4-6. 
Dung djch khong co xyanua til do nen it dpc hai nhitng kha n&ng phan bo se 
kem di. Hieu suat dong dien giam khi tang D c , giam nhiet do va giam pH. Gidi 
thieu hai dung djch va che dp ma cua chung nhif sau : 


KAu(CN) 2 , tinh ra Au' 

8-12 g/1 

1 ,5-2,0 gA 

Axit xitric 

50-140 g/1 

- 

Kali xitrat 

- 

45-50 g/1 

CoS0 4 .7H 2 0 

- 

0,3-0,4 g/1 

Nhiet dp, °C 

20-60 

20-30 

pH 

4,5-6,0 

4,0-4,5 

D r , A/dm 2 

0 ,2-1,0 

0,15-0,5 

Thdi gian ma, ph 

0,3-0,5 

1-2 

Anot 

titan mp bpeh kim 


Dung djch 1 c£n du difa catot khi mp.. Dung djch 2 dung de ma 16t 
vang tntdc khi mp hpp kim v&ng l§n dong vk hpp kim dong, ldp ma dong hay 
ken. Dung djch 1 cung cd the ma ving cho dfiy kdo ckng chay lien tyc qua be 
vdi D c - 5-6 A/din 2 d 60-80 °C. 

Pha che dung dich ; Hoa tan kali xitrat vao nude mem, them axit xitric, 
khuay cho tan het; dung djch KOH 20% de dieu chinh pH dung djch den 3,4- 
4,2; cho KAu(CN) 2 vao va khuay cho tan, them nude den the tich an djnh; do 
va dieu chinh pH cua no bang axit xitric hay bang dung djch axit H 2 P0 4 15%. 
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15.2.2. Ma vang tif dung dich feroxyanua 

Day la mot trong nhiing dung dich khong dpc hai dung de thay the cho 
dung djch xyanua, du rang chat lupng ldp ma, kha nfing phan bo, hipu suat 
dong dien co kem hdn dung dich xyanua doi chut. 

Trong dung dich nay anot thUdng hay bj thu dpng, vi vpy phai dung 
dien tich anot ldn hdn dipn tich catot vai ba lan. Toe dp hoa tan anot nho lam 
dung dich bi loang dan nen phai theo doi de bo sung th£m muo'i vang. Trong 
phtfc feroxyanua vang co hoa tri 3 nen toe do ma cua no cham gap ba lan so 
vdi dung djch xyanua. Tuy co nhiing nhitdc diem nhii vay nhiing no khong dpc 
va chat liidng ma cung tiidng doi tot nen dung djch nay vln dupe Ung dung 
kha nhieu. Thanh phan dung djch va che dp ma nhu sau : 


AuC1 3 .HC1.4H 2 0 tinh ra Au 3 ' 4 g/1 

K^FeiCN),, 3H 2 0 200 g/1 

K 2 CO :1 65 g/1 

KCNS 100 g/1 

D, 0,2-0,3 A/dm 2 

Nhiet do 32-62 °C 

pH 11-12 


Pha che dung djch : Hoa tan rieng feroxyanua va K 2 C0 3 vdi mfdc mem 
roi do chung lai vdi nhau, dun soi ky, sau do them cho vang clorua v^o va dun 
them 10-15 ph nfia. Khi dung dich da nguoi, them niidc den the’ tich an dinh, 
loc. Phan tich va dieu chinh nong do feroxyanua va vang clorua cho dung quy 
dinh. 

15.2.3. Ma vang hoa hoc 

Bang 15.2. Cdc dung dich ma vang hoa hoc 


Thanh ph£n (g/1) dung 
dich va che do ma 

Dung dich s6' 

1 

2 

3 

AuClj 

0,4 

3,5 

1,5 

khco 3 

150 

_ 

100 

NaCI 

- 

2 

. 

Na 2 SO* 

- 

30 

. 

K4Fe(CN) 6 3H 2 0 

- 

3 

_ 

Nhi&tdo, °C 

70-80 

70-80 

70-80 

Thcri gian, ph 

3-5 

5-10 

5-10 
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Lpi dung chenh lpch dipn the giiia be m4t vat can ma va dung dich ma 
khu vang tit dung dich thanh ldp ma tren be mat. Be m$t bang dong thau cho 
ldp ma tot nha't. Vi vay cac kim loai khac muon ma vang hoa hoc phai ma lot 
dong thau trade da. Chieu day ldp vang hoa hpc khdng vupt qua 0,1 pm nhung 
ra't kin sit. Mot so dung dich ma vang hoa hoc gidi thi$u trong bang 15.2. 

15.2.4. Thu hoi vang tif dung dich cu hong 

- Dung dich xyanua cu, hong thu hoi vang bang bpt kem hay hot nhom 
de ket tua no. Ket tua thu dupe cho HC1 vao de hoa tan kem hay nhom da. 
Gan, riia roi cho HN0 3 vao de hoa tan tap chat bac va dong. Rtfa sach bot vang 
roi hoa tan trong cadng toan de dupe vang clorua. 

- Pha dung dich xyanua bang each cho da H 2 S0 4 , sau do thu hdi vang 
bang bpt kem hay nhom nhu da noi tren. Dung dich dupe xem la het vang khi 
nhung la kem vao dung dich khong thay xuat hien vpt den nOa. 

- Pha dung djeh clu'ia vang bang dung dich NaOH 10% , dun ndng den 
60 °C, roi ket tua vang bang nhom. Dung dich dupe xem la da het vhng khi la 
nhom bong sang nhung vao vln khong thay doi mau sac va d6 bong. Theo 
phaong phap nay lapng vang ton that khong the thu dupe 14 0,012-0,022% 
tong lapng vang co trong dung dich can thu hoi. 

- Phaong phap trao doi ion cung dung de thu hoi vang tu dung dich cu 
hong va dac biet huu hieu doi vdi viec thu hoi vang t xt nude rda. 

15.3. MA RODI 

Rodi (Rh) la kim loai co mau trhng hdi phdt hong. Trong lapng rieng 12,4 
g/cm 3 : trong lapng nguyen td 102,91 : hoa tri 1 v4 3; dien the tieu chuan cua 
Rh 2 */Rh la +0,68 V; dadng lapng dipn hoa 1,28 g/Ah; dipn trd rieng 4,3.10 8 
Q.m. Nhipt dp nong chay 1966 °C. 

Rodi co dp ben hoa hoc cao trong cac dung djeh axit HN0 3 , HC1, kiem v4 
cac hpp cha't luu huynh. Khac vdi bach kim, rodi khong tan trong cifdng toan. 
Rodi tan trong H2SO4 d4c, trong dung dich natri bisunfat loang v4 trong 
NaCl nong chay khi c6 mat cua clo. 

Tuy rodi ra't dat nhung van dupe dung de ma vi n6 c6 kha n4ng phan 
quang ldn, dp edng cao cung nhu dp chiu m4i mon rh't tot. Hp so' phan quang 
cua rodi len den 75%, tdc 14 chi thua bac m4 thoi, nhung khong bi giam di khi 
tiep xuc vdi cac hpp chat luu huynh nhu bac. Dp edng cua ldp ma rodi chi 
ddng sau ldp ma crom. Cac thong so've di$n cua ldp mg rodi rat on dinh. Co 
the thay ldp ma rodi bang ldp mp ruteni cd tinh chat r4't gio'ng nhau nhung re 
hern nhieu. 
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Ldp ma rodi dupe dung lam mat phan chieu trong cac dung cu quang 
hoc, lam ldp chong md cho ldp ma bac va de tang do cdng cho chung. 

15.3.1. Cac dung dich ma rodi 

15.3.1.1. Dung dich sunfat 

Dung dich sunfat lam vide on dinh: dl dieu chinh, khoi phuc; cho ldp 
ma day. Dung dich dupe pha che tit muo'i rodi va axit sunfuric. Dudi day la 
hai dung djeh loai nay : 

[Rh(H 2 0)J 2 (S0 4 )3 , tlnh ra kim load 3-8 g/1 3-10 g/1 

H 2 S0 4 30-80g/l 30-100 g/1 

Axit sunfamic - 10-30 g/1 

D, , A/dm 2 0,4-1,2 1-6 

Nhietdo, U C 15-30 15-30 

Dung dich 1 de ma day den 3 pm . Dung djeh 2 co cho them axit 
sunfamic de giam ling suat noi va de ldp ma khong bi ndt; do dd cho phep thu 
durtc ldp ma kin, dng suat be va day den 6 pm. Anot bang rodi kim loai hay 
titan ma bach kim. Tang mat do dong dien se lam giam hieu suat dong dien, 
con tang nong do rodi se lam tang hieu suat dong dien . 

Chain bj be mat trade khi ma la khau rat quan trong doi vdi ma rodi . 
Ldp ma bong chi co the thu daqc tren nen da danh bong tot. Tang mat dp dong 
dien va nhipt do lam cho ldp ma bi md di. Nong do rodi va axit sunfuric co anh 
hudng den kha nang phan quang cua ldp ma. Nong do rodi cao lam giam he so' 
phan xa anh sang cua ldp ma. Nong do axit sunfuric cao se md rong dupe 
pham vi cho ldp ma bong. 

Dung dich ma rodi rat nhay vdi tap chat, trade tien la ion clo, xyanua, 
hpp chat kiem, chat hiiu cd. Ion clo lam ket tua tho, xam va gion; xyanua va 
kiem lam kim loai bi thu dpng cue bp; chat hdu cd lam thng ring suh't npi va 
lam nftt ldp ma. 

15.3.1.2. Dung dich photphat 

Cho ldp mp phan quang tdt hdn, nhang chi mp dape dadi 1 pm, dhy hdn 
se bi ndt va sau do se bong khoi nen. Thanh phin dung d|ch vh che dp mp 
nhu sau: 


K :! RhClrt, tinh ra kim lopi 

2 g/1 

H3PO4 

50 g/1 

Nhipt dp 

18-25°C 

D,. 

0,15 A/dm 

Dipn the 

2,5-6,0 V 

pH 

1,1-1,3 
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Hien suat dong dien trong dung d;ch nay rat thap. Dung dich nay chu 

>eu de mg bong rodi. Can phai thudng xuyen die'u chinh, bo’ sung kali 
clorodiat hodc rodi hydroxyt. 

Dung dich photphat rat nhay vdi tap chat. Khi da tich tu nhie'u tap chat 
Phai len hanh tai smh dung dich bang each cho them natri formiat va dun 
nong len. Ket tua lpc dupe, dung HNO : , de’ rtia rdi khu bang dong hydro trong 
o ong d 700-800 C. Rodi kim loai thu dupe dung de’ pha che dung dich mdi. 

15.4. MA BACH KIM 


^ Bach kim (Pt) la kim loai co mau trdng bac; trong lifdng rieng 21 5 
•W*' f 19 5,23; h6a tri 2 va 4: th« tieu chain cia 

PWPt la +1.2 , cua Pt/ Pt la + 0,86 V ; dumg Urang diin hoa cua Pt 41 la 
1,82 g/ Ali; nhiet do nong chay 1777 "C; dien trd rieng 10,6.10 - B Q.m. 

Bach kim rat ben vdi nhie'u moi trUdng xam thuc; khong bi oxy hoa khi 
nung nong den nhiet dp rat cao. Cac chat nong chay nhu kiem, photpho. 
xyanua, sunfit va halogenua khong tac dung gi vdi bach kim. Trong cudng 
toan bach kim hoa tan rat cham. Cac hdp kim gida bach kim vdi bac, chi vang 
hoa tan dupe trong HNO,. Ldp ma bach kim cung rat ben hoa nen nhieu 
trUdng hdp co the thay the cho vat lam blng bach kim. Ma bach kim dude Png 
dung trong nghe kim hdan, trong che' tao thie't bi dien tu, trong che tao dung 
cu mo xe y te .... Trong tat ca cac trUdng hdp do chieu day ldp bach kim dao 
dong trong pham vi t* 1 den 10 pm. Ma bach kim co the’ thuc hipn bang 
phudng phap dien hoa hay bang phuong phap ma tiep xiic. 


15.4.1. Cac dung dich ma bach kim 

- Dung dich photphat : Thupc loai kha thong dung, thanh phan vh che 
dp ma nhu sau : 


H 2 PtCh, 

(NH<) 2 HPO< 

Na 2 HP0 4 .12H 2 0 

D c 

Nhi^t d$ 

Hi$u sud't dong di£n 
Khi tang nong dp Pt va axit photphoric 
doi chut. 


8 g/1 
26 g/1 
120 g/1 

0,1-0,5 A/dm 2 
65 -70 °C 
15-25 % 

thi hipu sua't dong dien tftng len 


- ungdieh. mint : Lam viec on dinh hdn dung dich photphat, co kha 
nang phan bo tot. cho phep dung mat dp dong dien cao . Chong an mon rat tot 
ngay khi ldp ma con rat mong. Dung dich sau cho ket qua rat tot ■ 
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Pt(NH 3 )2(N0 2 ) 2 , tmh ra Pt 10 gfl 

NH 4 NO a 100-120 g/1 

KNO, 10-12 g/1 

NH 4 OH 50-60 g/1 

D c 8-9 A/dm 2 

Nhidt do 90-100 °C 


Diaminoplatinonitrit Pt(NH 3 ) 2 (N0 2 ) 2 co chfla 60% Pt; hoa tan kdm 
trong nude (0,08 g/1 d 25 °C, 2,32 g/1 d. 75 °C) , hoa tan tot trong dung djeh 
amoniac, khi do ham lifting Pt co the len den 10 g/1, 

Pha che dung dich : Mot the ti'ch dung dich PtCL,.2HCl hon hdp vdi 10 
the tlch dung djeh KN0 2 , dun nong nhe. Pt 4+ bj khu thanh Pt 2+ va tao thanh 
K 2 [Pt.(N0 3 ) 4 ]. Mud'i nay khi pha loang bang dung djeh NH 4 OH 25% se chuyen 
thanh Pt(NH :} ) 3 (N0 2 ) 2 d dang ket tinh, nia sach va dem pha ch§' dung djeh . 
Chat nay hoa tan vao dung dich NH 4 OH 5%, con cac chat khac hoa tan bang 
nude roi do chung vao nhau, dun sdi 1-2 h trude khi bat dau ma. Andt bang 
phoi, bang hay day Pt. 

- Ma tiep xuc bach kim tit dung dich : 

(NH^PtCl* 40 g/1 

NH 4 C1 320 g/1 

Nhietdo 70-100 °C 

Thdi gian 60 ph 

Vat ma xong chai bong bang xa phong. 

16.4.2. Thu hoi bach kim 

Pt tit dung dich cu hong, ttr nude rua dUdc thu hoi dudi dang platin 
sunfit. Dung dich thu hoi dUdc axit hda bang HC1 roi syc khi H 2 S vao. Ket 
tua platin sunfit thu dude dem loc, rUa, say va nung trong khong khf de khu 
thanh Pt kim loai. 

16.6. MA PALADI 

Paladi (Pd) la kim loai mem, de can kdo, c6 mau trang bye; re nhat 
trong so cac kim loai nhom platin. Trong lu<?ng rieng cua Pd la 12,0 g/cm 3 ; 
trong ludng nguyen tu 106,7 ; hda trj 2 v4 4 ; di|n the tieu chudn cua Pd/Pd 2+ 
bang +0,99 V ; dudng luyng di$n hda cua Pd 2 * la 1,99 g/Ah, cua Pd 44 la 1,0 
g/Ah ;di|n trd rieng 10,9.10 8 Q.m; nhiyt d$ ndng chay 1555 °C. 

Paladi hda tan trong citdng toan, HN0 3 va tan cham trong HC1 . Ldp 
my paladi dUdc dung trong ky thuat di$n d§ lam cac tiep diem cd dien trd tiep 
xuc khong thay doi trong suot thdi gian stf dung. Ma paladi con dung de che 
tao cac gUdng phan chieu hoac de lam ldp bao ve trang she. Chieu day ldp ma 
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thifcfng tU 0,5 den 5 urn. Co the mg true tiep Pd len dong hay bac: tren cac kim 
loai khac phai ma lot dong hay bac trudc. 

r 

15.5.1. Cac dung dich ma paladi 

De ma paladi thubng dung cac loai dung dich ghi trong bang 15.3. 

- Dung dich amon clorua (so 1 va 2) cho ldp ma bong khi dp day nho 
hctn 5 pm; day tren 5 pm cho ldp ma mb. Ldp ma kha deo. Hieu suat dong dien 
cua dung dich nay giam khi tang mat do dong dien hay khi giam nong dp Pd . 
Kha nang phan bo cua dung dich nay thap hdn dung dich photphat. Dung 
dkh so' 1 de ma cho vat co hinh dang don gian; dung dich so 2 de ma cho vat cd 
hinh dang phftc tap. Anot bang paladi. 

Bang 15.3. Cac dung dich ma paladi 


Thanh phan (g/1) dung djeh 
va che dd ma 

Dung dich sd 

1 

2 

3 


PdCI 2 , tinh ra paladi 

20-30 

15-25 

3-20 

10-14 

NH 4 CI 

15-20 

- 

- 

50-80 

Na 2 HP0 4 .12H 2 0 

- 

- 

100-130 

- 

(NH 4 ) 2 HP0 4 

- 

- 

15-60 

- 

Axit benzoic 

- 

- 

1,5-3,0 

- 

NaN0 2 

- 

- 

- 

40-80 

Amon sunfamat 

- 

- 

- 

80 100 

NH 4 OH 25% 

- 

150-250 

- 

100-150 

HCI, d =1,19 

- 

10-25 

- 

- 

(NH 4 ) 2 S0 4 

- 

20-40 

- 

- 

Saoarin 

- 

0 , 8 - 1,2 

- 

- 

D c , A/dm 2 

0,5-1,5 

1-2 

0,1-0,5 

0,5-1,0 

Nhiet do , °C 

15-30 

10-30 

50-75 

60-80 

pH 

8 ,5-9,5 

4,0-4,5 

6,5-7 

6 ,5-7,5 


- Dung dich photphat (sd 3) : Lam viec on dinh vh it nhay vdi tap chat 
hon dung dich amonclorua. NhUng dung dich nhy cho nhng suat thap vk chi 
ma day diibi 2 pm. Ma dupe cho vpt co hinh dang phvtc tap. Hipu suat dong 
dien trong dung dich loang giam di rat nhieu khi tang mat dp dong dipn , con 
trong dung dich c6 5-10 g/1 Pd thay doi rd't it. Anot khong tan bang titan mg Pt 
hay grafit. 

- Dung dich sunfamat (so' 4) : Cho ph6p mg day den 100 pm, ldp mg 
khong co vet ntit, gdn bam chic vdi nen. Mg dupe cho cac vat co hinh dgng 
phUc tap. Hieu sua't dong dien catot khoang 50%, va chi tang rat it khi nang 
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cao mat do dong dien. Anot khong tan bang titan ma Pt, grafit hay anot tan 
paiadi. 

- Pha che dung dich : Dung djch 2 pha che bang each hoa tan PdCl 2 
(mau do nau) vao HC1, dun nong 70-90 "(' , khuay ky va them NH 4 OH 25% 
vao cho den khi tan hit. Dung djch thu dupe co mdu vang chanh cua paiadi 
tetraamonclorua, them muoi amon va cac phu gia, them nude den the tich an 
djnh: ma xvL ly va bit dau van hanh. 

- Tdi sink dung dich cii :Bing each them HC1 vao. Luc n&y se sinh ra 
ket tua mau vang cam cua paiadi diamonclorua. Loc, ruta ket tua bing nude 
that lanh veti lacing it nhat (keo no tan mat) roi chuyen thanh paiadi tetra 
amonclorua bang each hoa tan chung trong amoniac. 


15.6. MA INf)I 

Indi (In) la kim loai mau tring bac. Trong lUdng rieng 7,31 g/cm 3 ; 
trong lUdng nguyen tu 114,76 ; hoa tri 3: dien the tieu chuin 20,35 V ; di/dng 
luting dien hoa 1,4 g/Ah. Indi rat deo, dai chiu mai mon rat tot; dp edng 
khoang 40-8- MPa. Nhiet do nong chay rat thap 150 °C. 

Indi ben trong trong khong khi, trong kiem, trong cac axit vo cd ngupi 
(trir axit nitric). Cd do ben rat cao trong dau boi trdn va cac san pham oxy hoa 
cua no, vi vay ldp ma indi ditdc dung de ma cho cac pittong lam viec ma sat 
trong moi tntdng dau boi trdn.. Indi con dUdc dung de ma gildng va cac vat 
phan chieu anh sang vi no phan xa dUdc toan bo cac anh sang ddn sic trong 
pho anh sang. Chieu day ldp ma indi thitdng tit 0,3 den 3 pm. 


15.6.1. Cac dung dieh ma indi 

- Dung djch clorua cd thUnh phan v4 chd dp ma sau : 


In Cl 3 
NaCl 
Gelatin 
Tioure 


20-40 g/l 
30-60 g/l 
2 g/l 
0,5 g/l 


D,. dudi 1,5 A/dm- 

Nhi$t dp 15-25 °C 

pH 1,5-2,2 

Kit tua kin, min, dong deu. 

- Dung djch sunfat co thanh phan va che do ma sau : 


In 2 (S0 4 ) 3 .9H 2 0 50-70 g/l 

Na 2 S0 4 .10H 2 0 10-15 g/l 

D, 1-2 A/dm 2 


1X8 



Nhiet do 

pH 

Anot 


15-25 V 

2,0-2,7 

Indi hay grafit. 


15.7. MA RUTENI 


Ruteni (Ru) la kim loai co man trdng bac, phan quang tot. Trong lupng 
rieng 12,4 g/cm' 1 , trong ludng nguyen til 101, hoa tri 4 va 8; nhiet do nong 
chav 2250 "C. 

Ruteni va rodi co nhieu tinh chat rat giong nhau trong viec hinh thanh 
Idp ma, mat khac ruteni lai re hem rodi nhieu. Vi vay ma ma ruteni thudng 
dupe ua dung hon. 

Co the ma ruteni bong, ctfng, khong ndt, day den 1,5 pm tren dong thau 
til dung djeh sau : 


(NH 4 ) 3 (Ru 2 N Clft. 2 H 2 0) 12 g/1 

HC1 den pH 1 

Anion sunfamat 10 g/1 

Nhiet dp 70 °C 


A 1 A/dni 2 

Khi ma nong dp axit tang dan len, can dung NH 4 OH 1:1 de' dieu chinh 
lai pH Anot khong tan bang bach kim hay titan ma bach kim. 

Cung co the’ ma ruteni bong, cflng, khong mlt khi day den 2,5 pm tren 
nen dong thau til dung dich sau : 

K 3 (Ru 2 NCl*). 2H 2 0) 10 g/1 


HC1 

Amon format 
Nhiet dp 

A 

Amon format co tac dung ngan can 
da cho phep ma day hdn ma khong bi nilt. 


den pH 1,3 

10 g/1 

70 °C 
0,8 A/dm 2 

Ru0 4 hinh thanh tren anot nen 
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Chtftfng 16 

MA LEN CHAT DEO 


Kim loai hoa be mat chat deo da md rong pham vi ting dung cua chat deo 
len rat nhieu vi no da hoi tu diidc cac Uu diem cua hai loai vat lieu nay trong 
mot san pham . Chat deo kim loai hoa se co them dupe tinh dan dien, din 
nhiet; co the han kim loai len diidc; be mat dep, ciing hdn; chat deo diidc bao ve 
va cham bi lao hoa hdn; thay the diidc cho cac vat bang kim loai va hdp kim 
nhe va mau. Chit deo kim loai hoa diidc dung nhieu trong cong nghiep oto, 
che tao thiet bi, cong nghiep thong tin, dien tu va trong che tao cac hang dan 
dung .... 

Co nhieu phiidng phap kim loai hoa chat deo : cd hoc, vat ly, hoa hoc, 
dien hoa. PhUdng phap cd hoc nhu boc, dap nong ,... Phiidng phap vat ly la kim 
loai diidc chuyen thanh the long hay th§ hdi roi cho tiep xuc vdi be mat chat 
deo dfe tao thanh ldp phu kim loai tren no. Co the thuc hien qua trinh nay 
bang each bob bay kim loai trong chan khong bam len chat deo hay blng each 
dung khong khi nen phun kim loai long thanh bui nho phu len chat deo. 
Phiidng phap hoa hoc diia vao phan ting dien ra tren be mat chat deo de tao 
thanh ldp phu kim loai, va thudng diipc tien hanh trong dung dich. Ion kim 
loai trong dung dich ket tua diidc len mat chat deo II nhd tac dung cua chat 
khii. Cach nay cho ldp phu dong deu . 

Phiidng phap dien hoa k im loai hoa chat deo gom cac biidc sau : 

1/ Gia cong be mat, gom gia cong cd, tay dau md, tarn thuc; 

2/ Tao ldp be mat co hoat tinh xuc tac, gom cac bude nhay hoa va hoat 
hoa be mat; 

3/ Tao ldp din dien blng phUdng phap ma hoa hoc (ma ddng hoa hoc 
hay ken hoa hoc); 

4/ Ma dien tiep cho dat chieu day cln thiet ( ma dong, ma ken, ma 
crom,...). 

16.1. NHtfNG YEU CAU VE CHAT DEO DE MA HOA HOC VA DI$N HOA 

Chat deo de ma hoa hoc va dien hoa phai cd cac tinh chat sau : tay mon 
diidc trong axit mot each de dang dong thdi lai phai ben hoa trong tat ca cac 
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dung djeh dung de chuan bi be mat va ma hoa hoc; chat deo khong bj hong 
trong cac dung djch dong thdi khong lam hong cac dung dich ay. 

Chat deo ABS (dong polyme acrylonitryl, butadien va stjrrol) hien dildc 
dung pho bien nhat de ma kim loai vi n6 thoa man dupe cac yeu cam tren dong 
thdi ban than no cung kha cting vfitng, de gia cong, nen tao 'phoi rat tot cho ma 
kim loai. Trong ABS, butadien phan tan rat min va deu khap toan khoi chat 
deo, mat khac no lai de hoa tan vao cac axit vo cd hdn cac thhnh phan khac 
cua chat deo: cho nen be mht chat deo sau khi ti£y axit se trd nen xop, dam bao 
cho ldp kim loai ma gin bam cd hoc tot vdi nen. 

Ngoai ra cung co the ma cho chat deo polypropylen, polycacbonat, 
polysunfon, phenolformaldehyt, epoxy cot thuy tinh ,... 

Ket caii va hinh dang cua vat bdng chat deo can co nhntng dac diem sau 
. chieu day thanh chat deo phai dong deu va khong nen nho hdn 2,5 mm; mat 
phdng khong nen qua ldn dl lam ndt ldp ma, tot nhat la khong ldn hdn 10 
cm 2 , neu can ldn hdn phai them cac hinh hoa van, cac dildng net trang tri vao. 
Cac phan lom khong nen qua sau va mieng phai titdng doi ldn de dl rda sach. 
Khong nen co nhiing dUdng gan qua sit nhau cung nhit cac khe, ranh, 16, loi 
lom qua phhc tap, chieu rpng cua chung nen gap ba lan chieu sau vh day nen 
ve tron. Cac dinh nhon, eac goc vuong thanh sic canh dl lam bong, ntit ldp 
kim loai, can phai ve tron chung vdi ban kinh cong R = 1,5-2 mm. Khong nen 
chi ma mot phan cUa vat pham, vi tai cho phan each ldp kim loai de bi bong ra. 
Be mat tiudc khi ma khong dildc co khuvet tat vi sau khi ma se cang 16 ro hdn 
va dl bi bong tai do. 

De co san pham chat deo dude tot khuon due no phai dung loai thep chat 
lupng cao, khong ro xop, ditdc nau due trong chan khong; khuon phai dildc 
danh bong that tihdn (do nhap nho khong difdc qua 0,2 pm); sau do khuon phai 
dildc ma crom. 

San pham nhua can ma kim loai phai co cho tiep dien thuan ldi d mat 
sau, chd khuat, nhil cac 16, gd, ranh, cac tai, mail,... neu khong co phai chila 
cac dau rot lai de tiep dien, ma xong mdi cat di. 

16.2. GIA CONG BE MAT CHAT DEO 

Chat lilpng gia cong be m,it chat deo se quyet dinh chat lildng ldp ma ma 
trude tien la do gin bam cua kim loai vdi nen chat deo. Gia cong be mdt chat 
deo trildc khi ma gom cac bildc : gia cong cd, tay dau md, tdm thiic . 

Gia cong ertnham lam nham be mat bing each mai, chai, quay xoc kho 
hay ildt, phun cat kho hay ildt. Vat be gia cong trong thung quay hay chuong 
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quay. Vat lieu mai la cat thach anh, bpt cacborun hay corun ,...De loai het vat 
lieu mai bam tren san pham dung khong khi nen thoi sach. 

Tay dau md nham loai bo het mang chat beo bam tren chat deo. Tay 
dau m3 co the tien hanh trong dung moi hdu cd nhu tricloetylen, axeton, 
xylen, rupu etylic hay trong dung djcb kiem loang co them cac phu gia hoat 
dong be mat. Thong thudng hay dung dung djch gom NaOH (100-200 g/1), cac 
photphat (10-30 g/1) hodc cacbonat (10-20 g/1) co them chat hoat dong be mat 
va chat nhu hoa. Be mat chat deo dupe xem la sach dau md khi phun bui 
nude len mat se bam deu tiftig giot nho rieng re; hoac nhung chat deo vao nude 
cat roi nhe nhang rut ra tu tit, be mat cua no phai udt deu khlp ndi. 

Tam thuc la tay chat deo trong moi trudng axit de cac phan Ung hoa 
hoc xay ra tren be mat nham lam thay doi ca'u true va tinh chat hoa ly cua no. 
Tdm thuc xong tren be mat sinh ra cac 16 xop, cac diem sau te vi, co cau tao 
phUc tap, dam bao cho kim loai bam chhc len chat deo. Chat deo cd loai de tam 
thitc nhu nhua ABS vi chiing khong qua ben hoa; co loai kho tam thuc nhu cac 
nlnla flo vi chung la vat lieu trd hoa hoc; co loai kem ben hoa nhu 
metanmetacrylat, polyamin. De co be mat tam thuc tot thudng phai tien hanh 
khau nay theo nhieu bude : xu ly bang dung moi, bang axit, bang kiem hoac 
cac chat tam thuc dac hiet. Gia cong nhu vay ldp be mat se dupe xdi len hoac 
bao mon di. Tuy theo tefng loai nhua ma chon thanh phan dung djeh va che do 
tam thuc cho thich hdp. 

Ngoai yen cau lam nham, tdm thuc con phai lam cho be mat cd tinh hao 
nude manh niia. Muon vay dung djeh tam thuc axit can phai co mat cac chat 
oxy hoa hoac cac chat khu de lam thay doi ca'u true va hoa tinh cua be mat. 
Moi loai dung dich tdm thuc khac nhau co tac dung rieng vdi tttng thanh phan 
khac nhau cua khoi chat deo, tao nen nliUng tinh chat khac nhau cho be mat. 
Chat oxy hoa hay dung trong dung dich tdm thuc la axit cromic, axit nitric, 
kali pemanganat trong moi trudng kiem hay axit. Chat khu hay dung trong 
dung dich tam thuc la Na kim loai trong hydrofuran, hay trong naphtalen, 
trong amoniac long , trong diphenylsunfoxyt. D6 tam thuc trong dung dich 
cromat dupe em diu licin thudng cho them axit photphoric, cac photphat, cac 
muo'i kim loai va chat hoat dpng be mat. 

Kiem tra bang mat be mat sau khi tam thuc : phai nhSn, hoi md di, bam 
mrdc tot. Kiem tra bang kinh hien vi be mat sau khi tdm thuc ; phai co hinh 
dang xo'p nhu bot bien, phan xo'p co do nham R z 1 pm. Sau khi tam thuc 
trong dung dich cromat tren be mat thudng con sot lai cac ion Cr w , khi hoat 
hoa cac ion nay se lam hong chat xuc tac tren be mat. Vi vdy can phai loai trd 
chung bang each ti ling hoa trong dung dkh NaHS0 3 hay Na 2 S 2 0;j hoac HC1 
qua 1,0-1,5 pli d nhiet do phong, 


16.3. TAO MAT CO HOAT TINH XUC TAC 


Sau khU« cdng song bS m*t phii dmjc nhay hoa va Iwat Ma de tgo 
(ink chit sue tie cho no, dim bao cho than m. hOa hoc tiep theo say ra co ket 

qua. 

le ' 31 'Nhay y hOa a ia xi ly be mit (da gia cOng) bing dung dich thieb (II) clorua 
d,s nang cao heat tinh bl mit doi vOi cac khau tiep theo. Sau khi nhung vao 
dung dich nay, trfn mit chit dio « bam dong muoi th,ec clorua, kh. rua 

»Mngtr.ngn«ael,nhmu6lniy^iy^hin^ ci +Ha 

t,o thanh hop chit thiec khO tan. Chit nay tao thknh mtath^rtn bi 
khin bS mat lam cho tinh khu dude tang cuttng vi phan bo deu khap tren 0 
mi, Chu y nin rua hai 1S„ de' muoi thdy phan he, tren <oan b 9 be mat: chi 
rua n hung khong nen rtfa ditcli voi nude lam troi mat muoi thiec. 

HaUung dich nhay h6a va che do van hanh cia cluing nhu sau. 

SnCl-2 10-100 g/i 40 g/ 

HC1 (rf=l,l8) 80 mm 40 mm 

Nhietdo Phong P h °" 8 

Thdi gian 0,5-15 ph P 

Pha dung dich bang each hoa tan thiec clorua vao HC1 d»c: cho den k i 
tan het them m(6c cat den thl tich da tinh loan. HC1 co tac dung kMc phuc sil 
Tiy ph^cia loVthiec lam o'n dmh dung dich. Dl khic phuc Sn* b, oxy 
hoa thanh Sn" nen cho vao dung dich 2 g/1 Sn kim lo,i. No ae tac dung v 
Sn 4+ theo phan ting sau va giti cho nong do Sn khong doi. 


Hoat hoa la su ly be mit (da nhay hoa) bang dung d,ch chua cac hop 
chit kim loai co hoat tinh sue tac nhu Pd, Pt, Ag, Au .... Thuong dung nhat la 
dung dich chUa hop chi. paladi. Khi nhung vat da nhay hoa vao dung d,ch 

paladi clorua se xay ra phan ting khti paladi tren be mjt - 
* - - 9 * « 2+ - Pd + Sn 


Pd 2+ + Sn -*■ « ■ — 

Paladi sinh ra d dang rat nho min, phan tan la chat xuc tac cho qua 

trinh khti hoa hoc dong hay ken tiep do. 

Hoat hoa co tti tien hanh mot trong hai dung djeh sau . 

pdCl-2 0,5-0,8 gA 0,2-0,5 gfi 

HC1 (d=l,19) 1-10 mm 1-3 mhl 


13-CNMB 
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Nhiet dp phong phong 

Thdi gian 3-10 ph 2-5 ph. 

Pha che dung dich bang each hoa tan paladi v5o HC1 d5c , dun n6ng den 
50-80 °C cho tan het, them mfdc cat den the tich da tinh toan. H5ng tuln 
phai bo sung dieu chinh nong dp paladi clorua it nhlt 1 lan. 

Neu sau d6 chat deo dupe ma d6ng h6a hoc thi c6 the hoat hoa bang 
dung dich gom : bac nitrat 2-5 g/1, amoniac 25% 10-15 ml/1. 

Thu hoi paladi : paladi dlt va hiem, can phai thu hoi no tU nude rtia, 
dung dich cu hong, bang each co dac roi ket tua paladi hai lan bang dimetyl 
glyoxym. Loc, say, nung den 700 °C, Paladi oxyt thu dupe hoa tan trong 
cUdng toan, dun duoi het axit nitric, dupe paladi clorua dung de pha che dung 
dich hoat hoa. 

Cong nghe mdi gpp chung hai qua trinh nhay hoa va hoat hoa lam mot. 
Dung dich n5y gom dong thdi ca hai muoi clorua cua thiec (II) va cua paladi 
trong moi trudng HC1, cac muoi nay tao thanh-mpt phUc chat co mau dam. 
Thanh phan va che dp 15m vipc cua dung dich n&y nhu sau : 


PdCl 2 

0,1-10 g/1 

SnCl 2 .2H 2 0 

10-100 g/1 

HC1 (d =1,18) 

25-120 m/1 

KC1 

28-100 g/1 

Nhipt dp 

phong 

Thdi gian 

3-10 ph 


Sau do lai xu ly tiep trong dung dich xuc tien natri hypophotphat 5- 
15% trong 2-5 ph . Xuc tien la de lam tang toe do ket tua 16p phu kim loai sau 
d6 va d§ tranh bi lan chat hoat hoa vao dung dich ma hoa hoc , 15m hong n6. 

16.4. MA HOA HOC TAO DAN OI$N 

L6p ma hoa hoc thudng 15 dong hay ken; tuy nhien hien nay trong cac 
qua trinh dpc biet co the dung ma h6a hoc coban, s5t, bac, v5ng,... Nhd each 
ma h6a hoc nay da phu dupe ldp din dien mong 0,1-0,3 pm len be mpt chat 
khong din dipn, tao dieu kipn de ma tiep blng phUctng phap dipn hoa co toe dp 
nhanh hdn den chieu day mong muon. 

Dieu kien de dien ra qua trinh ma hoa hoc la dung dkh phai co chat khu 
du manh va kim loai giai phong ra phai co tac dung xuc tac tref lai phan Ung 
khh, noi each khac qua trinh ma n5y phai 15 mpt phan ting khti tit xuc tac . 
Dung dich ma hoa hoc phai bao gom : muoi kim loai, chat khti, ligan tao phUc 
de tan veri ion kim loai, chit dem, chit on dinh va cac phu gia khac. 

Cac thong so' cong nghe chinh cua qua trinh ma hoa hoc 15 : 


194 



- Toe do ma, thitdng rat cham, c6 2-5 pin/h va chain din theo tuoi cua 
dung djeh, Rieng dung dich ken h6a hoc co toe dp ma cao hdn, cd 20-25 pm/h; 

- Tuoi phuc vu cua dung dich, ttic la thdi gian toi da co the khai thac b 
no, Thdi diem phai thai dung djeh la luc bit dau co hien tucfng khu kim loai 
trong long khoi dung dich hay ltfpng san pham phan ting va tap chit tich tp 
trong dung djeh bit dau vticft qua quy dinh: 

- He so' sii dung chat khti, la ty so gitia lddng chat khti tinh toan theo ly 
thuyet vdi lUdng chat khii thde te da dung cho phan dng de kiui 1 nguyen tii 
gam kim loai; 

- Do nhay cua dung dich doi vdi do hoat hoa cua be mat; dp hoat h6a 
difpc xac dinh bang lUdng chat hoat hoa toi thieu co tren mot ddn vi be mat du 
dam bao d§ bit dau cd ket tua thanh ldp ma. Do hoat hoa co quan he vdi tinh 
on dinh ciia dung dich : dung dich cang it on djnli thi phan ting cang dl xay 
ra tren be mat hoat hoa, va co thd xay ra tren be mat kem hoat hoa hdn. 

Yeu cau doi vdi dung dich ma hoa hoc la phai dung dupe lau, va cd the 
hieu chinh lai nong do cac thanh phin cua chung, chinh vi the chung buoc 
phai cd do on djnh cao va do nhay thap vdi tap chat. Doi vdi cac dung dich sut 
dung nhieu lan phai tien hanh loc va dieu chinh nong do cua chung de dung 
lai lan sau, con vdi cac dung dich chi su dung mot lan thi tan dung chung 
bing each dung mat do tai ldn. 

16.4.1. Ma dong hoa hoc 

Bang 16.1. Cac dung dich ma. dong hoa hoc 


Thanh ph5n (g/l) dung 
dich va che do ma 

Dung dich so 

1 

2 

3 

4 

CuS0 4 .5H 2 0 

7 

10-15 

10 

10-15 

Kalinatri tatrat 

- 

50-60 

40 

- 

Na z EDTA 

- 

- 

- 

60-70 

NaOH 

4,5 

10-15 

7-8 

10-15 

Formalin 37%, ml/I 

26 

10-15 

13-14 

15-20 

NiCI 2 .6H 2 0 

2 

2-3 

- 

2-3 

NajS 2 O a 

- 

0,0005 0.001 

0,0005-0,001 

0.0005-0,0008 

hay CS{NH 2 ) 2 

- 

- 

0,0005-0,001 

- 

Nalri diatylditiocacbamat 

- 

- 

" 

0,01-0,015 

Toe do ket tua, pm/h 

0,4 

0 ,8-1,0 

1,0 

1 ,0-1,2 

Thdi gian, ph 

10-40 

10-20 

10-20 

10-15 

pH 

12 ,1-12,2 

12 ,2-112,8 

12,4-12,6 

12,2-12,3 

Nhiet do, °C 

phong 

phong 

phong 

phong 
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Cac dung dich ma dong hoa hoc co chtia muoi dong hoa trj 2, chat tao 
phiic vdi d6ng, chat khu, chat dem, chat on dinh va cac php gia nhu trinh bay 
trong bang 16.1. 

Muoi dong thifdng dung dong sunfat, nhung cung co the dung dong 
nitrat, clorua, cacbonat, tatrat, gluconat. 

Chat khu thUdng dung trong san xua't la formaldehyt (dung djch nude 
cua no goi la formalin). Phan ting khu xay ra tren be mat xuc tac nhu sau : 

2CHOH + Cu 2+ + 40H “ Cu + H 2 + 2HCOO' + 2H 2 0. 

Luc dau be mat co chat xuc tac la Pd hay Ag, sau do la Cu. Cu thay Pd 
(hay Ag) xiie tac cho phan ling tren (phan dng tu xuc tac). Thoat dau be' mdt 
co man den, dan dan chuyen sang mau hong cua dong. Toe dp ket tua dong th 
cac dung dich nay khoang 1 pm/li. Chieu day ldp dan dien nen lay trong 
khoang 0,2-0,3 pm. 

Phan ung khu dong bang formalin chi xay ra trong dung dich co pH tuf 
11 trci len. pH dung dich cang cao, toe do ma dong cang nhanh. Dung NaOH 
hay Na 2 CO :< de duy tri pH cua dung djch. Khi ngUng ma phai ha pH xuong 
dudi 11 bang H 2 S0 4 . Mat do tai khoang 2,5 dm 2 /lft dung djch. Trong qua 
trinh ma phai lac. 

Phu gia muoi ken nhdm thuc day phan dng va tang chat lUdng ldp ma. 

Chat tao phde co the la tatrat, glyxerin, xitrat, natri etylendiamin 
tetraaxetat (Na^EDTA) ,... Cac phUc nay phai dam bao tdng do hoa tan cua 
muoi dong trong dung dich kiem, co kha nang bi khii tren be mat xuc tac de 
hinh thanh ldp ma. nhitng khong duoc tu khu trong long khoi dung djch. 

Chat on dinh : hyposunfit (Na 2 S 2 0 8 ), tioure (CS(NH 2 ) 2 ), dietylditiocac- 
bamat, rUdu bac cao, mot so chat hoat dpng be mat ,... co tac dung khhc phuc 
hien tifdng khu phUc dong trong khoi dung dich. Chung hap php len cac hat 
ran mdi sinh ra trong dung dich, lam cho cac hat nay mat kha nang bien 
thanh cac trung tarn ket tinh. 

Dung dich loang on dinh hdn dung dich dac, nhung toe do ket tua dong 
lai cham. 

Hai phan ung phu thudng ghp trong ma dong hoa hoc la: 

- Phan dug oxy hoa formalin, lam giam chat khu va pH dung djch: 

2HCOH + NaOH CH ;i OH + HCOONa ; 

- Phan dug khu Cu 2 ‘ thhnh Cu + va sinh ra ket tua Cu 2 0 : 

2Cu 24 + HCOH + 50H -> Cu 2 0 + HCOOH ’ + 3H 2 0 

Cac phan tu Cu 2 0 nay co the trd thanh cac trung tarn khu dong, khi do 
dong kim loai se sinh ra trong toan khoi dung dich. De ngan chan hien tUdng 
nay lam cho dung dich on djnh hdn, ngoai viec cho vao dung djch chat tao 
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phiic, chat on dinh con phai khuay bang khong khi nen de oxy hoa Cu 2 0, loc 
dung dich lien tuc. 

Hieu chinh dung djch bang each bo sung dung dich die cua cac chat 
dong sunfat, xut va formalin 37%. 

Mang ding hoa hoc rat mong, de bi cao tuot, bi oxy hoa, bi tac dung hoa 
hoc, bi tac dung cua nhiet ,... nen tai cac diem tiep dien mang ding de bi 
chay khi dong dien chay qua trong qua trinh ma dien sau do, gay nen phe 
phim. Vi vay can kiem tra ky bing unit chat litqng lcfp dong hoa hoc, nhat la 
tai cac tiep dilm va tim each khac phuc cac khiem khuyet trUdc khi ma dien 
tiep. 

Cac htf hong thitbng gap khi ma dong hoa hoc va nguyen nhan cua 
chung : 

1/ Ldp ma chi co tirng vung mpt, do : 

- Tam thde khong deu. Can cai tien kMu tim thitc. 

- Cac vat ma chdng chat, che khuat lin nhau. Can bo tri lai; 

- Nhiet do hay pH dung dich qua thap hoac do khuay khong deu. 

21 Khong co ldp ma, do : 

- pH dung dich qua thap (ditdi 11). Can them dung dich kiem vao; 

- Thieii formalin. Cin bo sung them: 

- Thun chat 6n dinh. Can them formalin va kiem, neu khong chuyen 
bien phai thay dung djch mdi. 

3/ Ldp dong nham va toi, do : 

- Be mht tim thijtc qua mdc. Cin giam thdi gian tim thitc; 

- pH dung dich qua cao. Can them axit sunfuric vao: 

- Sau hoat hoa rda khong ky. Can thay nude va rda ky hdn. 

4/ Ldp ma loang, lorn dom, do : 

- Sau nhay hoa rua khong ky. Can thay mtdc va nia ky. 

5/ Dung dich bi due. do : 

- Mat dp tai qua ldn. Cin giam bdt vat mp trong be; 

- Dung dich mg dong bit dau tu phan huy. Can ngirtig ma va sue khong 
khi vao dung dich, loc sang bi khac, them chat on dinh. 

6/ Toe dp ma qua cham, do : 

- Nong dp dung dich nhgy hoa hay hoat hoa qua thap. Can them hoa 
chat vao cac dung dich nay: 

- Nhiet do dung djch nhay hoa hay hoat hoa qua thi'p. Cin dun len den 
20 "C , nhat la mua dong; 

- Nong dp dong trong dung dich ma qua loang: 

- Nhiet do hay pH cua dung dich ma hoa hoc qua thap. 
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18.4.2. Ma kin hoa hpc 

Ma ken hoa hoc cho phep thu dude ldp ma day deu tren cac vat ma co 
hinh dang phifc tap. So vdi ma dong hoa hoc, ma ken hoa hoc co ning suat cao 
hdn, dung dich on dinh hdn, ldp ma gdn bam tot vdi nhieu loai chit deo hdn; it 
bj chay vung tiep dien khi chuyen sang ma dien. 

Ma ken hoa hoc cho chat deo cung can phai nhay hoa be mht trong dung 
djch thiec (II) clorua, va hoat hoa trong dung dich cd ion kim loai xuc tac. Chat 
hoat hoa xuc tac cho ma ken hoa hoc co the Id coban (chi dung cho dung dich 
kiem), ken, ruteni, rodi, paladi, osmi, iridi, bach kim, cung co the la sat, nhom, 
beryh va titan. Tuy nhien trong san xuat hay dung dung djch paladi clorua 
hoac bac nitrat de hoat hoa be mat. 

Thanh phan dung djch, che do ma, va cac dieu can lifu y khi ma ken hoa 
hoc da trinh bay d muc 12.5 va bang 12.4. 

Dung djch kiem (dung djch so 4) ma len chat deo rat hieu qua, no gom c6 
muoi ken, xitrat, muoi amdn. Khi co di( muoi anion thi xitrat se tao phetc vdi 
ken. Neil dung muoi cua aminoaxit lam chat tao phitc thi co the ma ken hoa 
hoc trong moi tritdng trung tinh hoac moi tritdng kiem 6 nhiet do cao ( 98 - 
99 °C). 

Dung djch axit so 5 (bang 12.4) ma cho chat deo kha phu hop. 

Cac hit hong thitdng gap khi ma kin hoa hoc cho chat deo : 

1/ Khong co ldp ma, do : 

- Dung dich nhay hoa hay dung dich hoat hoa da qua loang; 

- Tim thtfc be mat chUa dat yeu cau, ho&c tham thuc qua mete yeu cau. 

2/ Ldp ma chi co titng vung rieng biet, do : 

- Dung dich nhay hoa da kiet. Can bo sung hoa chat; 

- Be mdt hoat hoa chita dat. Can khuay hay them paladi clorua v&o 
dung dich. 

3/ Ldp ma bj den, do : dung dich nhay hda da qua kipt. 

4/ Ldp ma co chat luqng khong deu, do : 

- Nong dp thii'c trong dung d;ch nhay hda qua cao. C&n pha loang; 

- Thm th\tc qua l&u. Cln giam thdi gian tfiim thptc; 

- Thdi gian ma ken h6a hpc qua ng&n. Cin thim thdi gian; 

- T6'c dp khu kin ch$m. C&n chinh lai pH , tftng thdi gian ma kin hay 
ting n6ng dp kin cho dung dich ma: 

- Nong di paladi cao qua. Cin pha loang dung dich hoat h6a; 

- Paladi bam thanh dang bpt tren m$.t chit deo. Cin ret a ky hdn sau khi 
hogt hoa. 
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16.5. MA DlfiN Df5 TANG CHlfill DAY 


Tren 16p dong hay ken hoa hoc can den hanh ma di|n mpt ldp kim loai 
mong co do deo toi da roi mdi chuyen sang be ma dien binh thudng cho den khi 
dat chieu day mong muon. Ldp mong va deo nay thudng la dong md hay ken 
mo, co tac dung nang cao dp gin bam gida ldp din dien va cac ldp tiep theo. 
Thanh phln dung djch va che do ma cac ldp mong vl deo nhU sau : 

- D6l vdi ma dong : 


CuS0„.5H 2 0 

190-250 g/1 

h 2 so 4 

50-65 g/1 

D r 

1,5-2,0 A/dm 2 

Nhipt dp 

25-35 “C 

Thdi gian 

15-20 ph 

NiS0 4 .7H 2 0 

150 g/1 

NiCl 2 .6H 2 0 

150 g/1 

h 3 bo 3 

30 g/1 

D c 

1,5-2,0 A/dm' 

Nhipt dp 

25-35 °C 

pH 

1,2-2,0 

Thdi gian 

5-8 ph 


Sau do ma tiep trong cac dung djch binh thudng theo che dp vln mp cho 
cac vat blng kim loai den chieu day cin thiet. Cung co the dung mpt dung djch 
ma nhiing mUdi phut dau ma 6 mat do dong dipn thap, sau d6 mdi ting len 
mat dp dong dien binh thudng. 

Khi ma dien thudng hay bi chay ldp ma hoa hoc, ly do la : 

- Ldp ma hoa hoc qua mong. Can tang thdi gian ma hoa hoc len; 

- Dung mpt dp dong di£n hdi ldn, nhl't II thdi diem dlu. Cin giam den 
0,3-0,5 A/dm 2 twng thdi gian 5-10 ph roi mdi ting 16n mile binh thudng; 

- Di£n tich tiep xuc qua bd. Cin ting thdm nhiiu chi tiep di$n; 

- Tiep diem bi hong, '(Cin ti§p xuc ch$.t gida vlt mp vl d&y din. 
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Chifcfng 17 

MA HOP KIM 


Khoa hoc va cong nghe tien bp doi hoi nhieu loai vat lipu mdi. Ma hdp 
kim la mot phhdng phap tao ra tren be mat vat lieu truyen thong mot 16p 
mong co tilth chat dac biet cua mpt vat lieu mdi. Vi du : 

- De co vat lieu chong an mon cao co the ma hdp kim Sn-Zn, Zn-Cd, Sn- 

Cd,... 

- D6 co vat lieu chiu mai mon cao co the ma hdp kim Sn-Pb, Pb-Zn, Ag- 
Cd, Sn-Pb-Sb,... 

- De vat lieu co do trang she cao co the ma hdp kim Cu-Au, Au-Ag, Ni- 
Sn, Cu-Sn .... 

- De be mat. co th tinh co the ma hdp kim Ni-Co, W-Co, Ni-Fe ,... 

- De gin ch;ic caosu len kim loai - ma hdp kim Cu-Zn; de lam ldp lot 
trhdc khi sdn - ma hdp kim Fe-Zn; de de han - ma hdp kim Sn-Pb ,... 

Khi ma, tren catot co th§ ket tua dong thdi hai hay nhieu kim loai thanh 
hdp kim, neu dien the phong dien cua cac ion kim loai nay xap xi hay bang 
nhau trong dieu kien dien phan nhat dinh nho do, the la : 

E;'+ (RT/n [ F)hia l + AE" = E 2 ° + ( RT/n.J?)lna 2 + A E 2 °, (17.1) 
trong do E,° , E z - dipn the tieu chuan cua cac kim loai M] va M 2 ; 



Hinh 17.1 r Vi tr( ti/cfng doi cua cac di/dng “diSn the- 
mat do dong dien " cua hai kim loai k£t ti!a len catot. 
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a , , a. 2 - hoat dp cua cac ion kim loai tudng Ung trong dung dich; 

AE , A E 2 - do phan cUc khi ket tua cac kim loai. 

Phudng trinh (17.1) cho thay : muon xfch gan dien the phong dipn cua 
cac ion kim loai M, va M 2 lai vdi nhau thi phai: 

- thay doi boat do cua cac ion kim loai bang each thay doi nong do cua 
chung hay chuyen chung thhnh hpp chat phde; 

- thay doi do phan epe catot, mat do dong dien hay nong dp chat tao 
phitc trong dung dich hoac dung chat hoat dong be mat. 

Bang d6 thi cho thay : neu thay doi cac dieu kien tren cho den khi M, 
va M 2 phong dien dong thdi thi cac dudng cong phan cue cua chung kha gan 
nhau va co mpt mien dien the chung ma ca hai kim loai cung phong dien 
(hinh 17.1). Th hinh 17.1 con co the tinh ra thanh phan cua hpp kim. Nhu b 
dien the E t , mat do dong dien ket tua Mj la d { , nen phan dong dipn da dung 
de giai phong kim loai M, trong hop kim tat phai lk : H, = dj (d t + rf 2 ). 

Con mat do dong dipn ket tua kim loai M 2 la d 2 , nen phan dong 
dipn da dung de giai phong kim loai M 2 trong hpp kim tat phai la : 
H 2 = d z ! + d 2 ) . 

Theo gia tri duong lupng dien hoa cua cac kim loai nay de dang tinh ra 
dupe thanh phan cua hpp kim. 

Tuy nhien trong dieu kien phong dien thuc te, cac cau to cua hop kim 
thudng tuong tac vdi nhau, cho nen thanh phan hpp kim tinh toan dua theo 
duong cong phan cue nhu tren se sai lech nhieu, co khi khong the chap nhan 
dupe. Khi phong dipn dong thdi hai kim loai tren catot thudng xay ra ho be lb 
hipn tupng khu phan cue (dich dien the phong dipn ve phia duong hdn), hope 
la hien tupng phan cue them (dich them dipn the phong dien ve phia am hdn) 
cua mpt hoac ca hai kim loai. Nguyen nhan la cac kim loai tudng tac vdi nhau 
tren dien cue tao thanh cac hpp chat trung gian hay cac dung dich rbn; cung 
co trirdng hpp chung tudng tac vdi nhau ngay trong dung dich va gay nen cac 
hipn tudng tren. 

Thanh phbn pha cua cac hpp kim tao thanh tren catot da so la phu hpp 
vdi bieu do trang thai nhu cac hpp kim nail luypn, nhung cung khong it trudng 
hpp lai khac hdn. Co nhdng hpp kim chi dupe tpo ra bang phudng phap dipn 
ket tua. 

17.1. HOP KIM HONC; THAU Cu-Zn 

17.1.1. Tinh chat va ufng dung 

Dong than co thanh phan rat khac nhau, nhung bang phudng phap mat 
dien Idp ma dong than thudng chha tU 60-70% Cu, con lai la Zn. Ldp ma de 
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danh bong den do bong cao, Tuy theo thanh phan hop kim ma mau sac thay 
doi til vang kim den xanh xam. Gin bam chic vdi nen kim loai. Trong khong 
khl di bi md di. Di tan trong axit nitric, kh6 tan trong axit sunfuric, rat kho 
tan trong axit HC1. Tifdng doi ben trong cac dung dich kiem. 

Trong ludng rieng cua dong than la 8,5 g/cm 3 . Difdng htpng dien hoa 
ditdc tinh bing tong dudng litpng dien hoa cua dong vi kem theo ty le phin 
tram cua chung. Vi du ldp ma dong thau chda 30% Zn co dudng ludng dipn 
hoa C ( ^, Zll : 

Cc,zn = 0,7C a ,+ 0,3C Zn = 0,7. 2,37 + 0,3. 1,22 = 2,02 g/Ah. 

Ldp ma dong thau trifdc day thudng dung ldm ldp 16t cho ken, thiec, 
bac vi vang. Chieu day ldp dong thau trong cac trUdng hpp dd til 12 den 
15 pm. Do dong khuech tan len cac ldp nam phia tren 1dm cho ldp lot trd nen 
giau kem va tang tinh bao vi len. 

Ngay nay ma dong thau difdc dung rat rong rai de ting do gin bam 
cua be mdt thep hay nhom vdi caosu khi ep ndng, chieu day khi d6 thudng 
khong vUdt qua 3-5 pm. Ma dong thau cung dUdc dung de tao ldp phu hao vi - 
trang site. Vi du de trang siic cho cac vat mau hong re tien co the ma dong 
thau thay cho ma ken. 

Ldp ma dong thau de nhupm thdnh cac mdu khac nhau trong cac dung 
d;ch amoniac, natri sunfit,... cung nhu de oxy hoa bing phUdng phap hoa hoc. 

17.1.2. Cac dung dich ma dong thau 

Dien the tieu chuan cua dong dUdng hdn cua kem kha nhieu, tren 1 V, 
vi vdy khong the ma hop kim dong thau tit dung dich muol ddn dupe. Muon 
dich dien the can bing cua chung lai gan nhau chi c6 the thUc hipn difpc nhd ' 
chat tao phiic; chat nay lam giam hoat dd cua ion dong rat nhieu so vdi ion 
kem. 

Trong thuc te hay dung dung djeh xyanua. Cau tit ban diu cua n6 li 
dong xyanua, kem xyanua vi natri xyanua. Khi pha chi chung tudng tac vdi 
nhau thinh cac hpp chit phtic Na 2 [Cu(CN) 3 ] vi Na 2 [Zn(CN)«]. Phtic ding 
ben nin ding khd phdng di|n hdn. Phtitc kim It bln hdn n§n k6m dl phdng 
di|n hdn. Nhd d6 mi chiing kit tua ding thdi dupe vi tgo thinh hqp kim Cu- 
Zn. 

Nong dp xyanua tp do trong dung dich quylt dinh chit lupng vi ty 1$ 
thinh phin hpp kim. Xyanua td do ldn, hpp kim s§ giiu kim hdn, vi ngupc 
lgi. 

Ting pH dung dich cung lim hpp kim giiu kim hdn (vi zincat sinh ra 
rat di phdng diin) cho nin phai gifi pH trong vong 10-11. 
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Nhi$t do co anh hudng ngupc lai. Ting nhi£t dp se 14m hpp kim giau 
dong hem va hieu suat dong dipn cung t4ng len (tang 1 °C se tang 1%) vi vpy 
khi mp phai gitf nhiet dp on dinh. Giam nhipt dp chat lupng ldp mp se kem di: 
gion va nham. 

Amoniac lam cho ldp mp dpp hon, thanh phan hop kim on dinh hdn, 
hieu suat dong dien cung cao hdn. 

Cac dung djeh ma dong thau gidi thipu trong bang 17.1 

Bang 17.1. Dung dich ma dong thau (Cu-Zn) 


Thanh phAn (g/l) dung dich 
va che do ma 

Dung dich s<5 

1 

2 

CuCN 

35-55 

50-65 

Zn(CN) 2 

9-12 

5-7 

NaCN tddo 

8-12 

8-12 

NsjC O3 

10-30 

- 

Na 2 S0 3 

5-10 

- 

NH 4 OH 25% 

0,3-1,0 

0,3-1,0 

NaOH 

- 

25-35 

Natri -Kali (afral 


40-45 

D c , A/dm 2 

0,3-1,0 

2-3 

Nhiet do, °C 

15-30 

50-55 

Anot 

Cu 70%-Zn 30% 

Cu 20%^n 80% 


Dung dich 1 ma hpp kim dong thau chda 70 % Cu co mhu v4ng . Dung 
dich 2 cho ldp ma chtia 5-20 % dong co mau trAng, dung de thay the kin, ma 
cho vat re tien mau hong. 

Anot co cung thanh phan nhu ldp mp. Dipn tich anot ldn gap 2-3 Ian 
di£n tich catot. Anot b&ng dong thau due ho4c can. Anot due chi dhng D a < 0,5 
A/dm": anot can khi dimg phai u, tiy trong HN0 3 5%, rda v4 chai speh. Khi 
14m viic anot thudng bj phu cic ch4'm trAng v4 xanh Ipc, can phai thim NaCN 
vao dung dich di chiing tan di: neu khong dupe phai cp speh bang b4n chai sftt. 
Khi 14m viic b£ m$t nhftn bdng 14 dung dich thtfa NaCN. Ni'u anot c6 m4ng 
nfiu slm vA khdng bi m4't khi cho ding diin di qua chiing td anot l&n nhiiu 
chi. Anot lAn nhieu thii'c s§ cd 14m chAm trAng. Gidi hpn cho phAp cua cac tpp 
chit 14 : Ni, As, Sn, Sb, Ph khdng dupe vupt qu& 0,006%, edn Fe khdng dupe 
qua 0,01%. 

Mud'i tatrat cd tac dpng khd thp dpng anot, on dinh dung djeh v4 cho 
phep ding D c cao hdn: ldp mp nhAn v4 ding deu hdn. 
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Pha che dung dich : Pha dung dich phiic xyanua cua dong va kem roi 
dUa vao be ma: them 10-15% dung dich cu vao. Ludng xyanua tu do (du) phai 
dung nhu quy dinh. Treo anot vao va ma xU ly dung dich du lau cho den khi 
thu duqc ldp ma tot va dung thanh phan mong muon. 

Dieu chinh nong do dung djch chu yeu la them NaCN, thinh thoang 
mdi them CuCN va Zn(CN) 2 . Tang pH bang each them dung dich loang 
Na 2 C0 3 vao be. Dieu chinh NH 4 OH theo ket qua phan tich. 

Co the ma dong thau trong dung djch pyrophotphat khong doc sau: 
CuS0 4 .5H 2 0 4,8-6,2 gA 

ZnS0 4 .7H 2 0 4,4-6,0 gA 


Na 4 P 2 O 7 .10H 2 O 

H 2 C 2 0 4 .2H 2 0 

h 3 bo 3 

D r 

Nhiet do 
Anot 


50-60 gA 
10-15 gA 
4-5 gA 

0,8-1,2 A/dm 2 
15-30 °C 

Cu 70% - Zn 30% 


17.2. HOP KIM »ONC, THANH Cn-Sn 


17.2.1. Tinh chat va ufng dung 

Thanh phan hoa hoc va hinh dang ben ngoai cua ldp ma dong thanh co 
the thay doi trong pham vi rpng. Hdp kim chtifa 2-3% Sn co mau she giong nhu 
dong; chda 15-20% Sn co mau vang kim; chda tren 35% Sn co mau trdng xam. 
Thuc te hay dung loai co khoang 20% va loai co khoang 40% Sn. Trong ludng 
rieng dao dong tif 8,2 den 8,6 g/cra 3 tuy theo thanh phan cua no. DUdng ludng 
dien hoa cung tinh nhu doi vdi dong thau; do'i vdi dong thanh trang no bang 
1,85 g/Ah. 

Ldp ma dong thanh danh bong se sang nhu gitdng; ghn bam tot vdi nen 
kim loai va gifl difdc dp deo d moi chieu day. Chung co the han d nhiet dp kha 
thap khi dung nhua thong. Chung co the ma len thep, gang, dong va cac hpp 
kim kem. 

Ldp ma chda 20% Sn thudng dupe dung nhu mpt ldp ma dpc ldp; dung 
bao vp epe bp cho'ng hoa edng be mat; dung lam ldp bao vp thdp trong nude 
ngot d 90-100 V; dung lam ldp chohg mai mon cho cac 6 trpe, goi dd; dung de 
thay ldp ma dong va ken trong he ma bao ve trang sdc nhieu ldp. T\iy la ldp 
ma catot nhung no bao ve tot hen dong va ken khi co cung chieu day vi nd it 
xop hen, khi day den 35-40 pm hau nhu khong con Id xop. 

Dong thanh trang ('-40% Sn) co mau rat dpp. Co the nhuom den bang 
each oxy hoa anot trong NaOH 20%. no edng gap 5-6 lan do edng cua Cu va 
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xap xi vdi do cdng cua Cr, do cling cua n6 5,5 - 6,0 GPa; dp bin va dap gap 4 
lan cua Ag, nhung khac vdi bac la dong thanh tring khong bi md di trong 
khong khi. He so phan quang 65-66%. Ben nhiet den 200 °C. 

Tfnh dan dipn cua dong thanh trdng chi kem co bac va dong, nhitng 
dien f ro tiep xuc cua no lai on djnh hdn. Hdp kim chiia tr&n 40% Sn difcfc dung 
lam ldp ma cho do dung nha bep, nhac cu, cac tiep diem, de ma cho de han,... 
Loai hdp kim nay co nhieu 16 xop va vet niit nen khong dung de ma cho cac vat 
lam viec trong dieu kien an mon manh. Chieu day ldp ma tren thep phai lh 
25-30 pm, tren dong vh hdp kim dong phai 12-14 pm. 

17.2.2. Dung dich ma dong thanh 

Dipn the cua dong va cua thiec chenh nhau kha nhieu (gan 0,5 V), vi 
vay muon dich gin dien the cua chung lai vdi nhau phai dung chat tao phifc. 
Trong san xuat thufdng dung dung dich stanat-xyanua, trong do dong d dang 
phdc xyanua, con thiec cf dang phtic stanat (vi thiec khong tao phfic vdi 
xyanua). Ciu tu ban dau cua la muoi dong, natri xyanua va natri stanat. 
Dung dich co kha nang phan bo tot. Bang 17.2 gidi thieu mot so dung djch ma 
dong thanh. 


Bang 17.2. Dung dich ma dong thanh 


Th^nh ph^n (g/l) dung dich 


Dung dich so 


va che do ma Cu-Sn 

1 

2 

3 

CuCN 

35 

40 

11 

Na 2 Sn0 2 

38 

20 

40 

NaCN tdng 

54 

65 

27 

NaCN ti/do 

15 

20 

16 

NaOH ti/do 

7,5 

7,5 

16 

D c , A/dm 2 

3 

0 ,1-0,8 

3 

Nhiet dp, °C 

65 

60 

65 

pH 

12,6 

13 

- 

Sn, % 

10 

15 

40 


Ty so nong do Cu va Sn cung nhu nong dp NaOH tut do anh hifdng 
nhieu den thanh phan hdp kim. Vi du : khi Cu : Sn = 8 : 1 se cho hpp kim 
chda 4% Sn, con khi Cu : Sn = 1 :1 ludng Sn trong hdp kim se tang len 20%. 
Tang nong do tdng cua chung hau nhu khong anh hudng gi den thanh phin 
hdp kim. Nong dp NaOH tu do anh hudng manh hdn nhieu : tang nong dp 
NaOH se lam giam ham ludng Sn trong hdp kim. 
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Cung gio'ng nhu khi ma thiec, ma dong thanh chi tot khi dun nong 
dung dich len 60-65 °C. Ting nhipt dp con lam ting lupng Sn trong hpp kim. 
Ting D c lam giam lupng Sn trong hop kim vh giam ca hipu su&t dong dipm 
Anot Id dong thanh . Khi ma dong thanh trdng c6 the dhng anot dong con 
thiec bo sung thudng xuyen dudi dang natri stanat. 

Pha che dung dich stanat-xyanua : Pha rieng cac dung djch d6ng 
xyanua va natri stanat , sau d6 hoa chung lai theo ty le can thiet cua dung 
dich da chon. 

Dung dich feroxyanua khong dpc dung de ma hop kim dong thanh bao 


ve thep khong bi tham nitd hoac tac dung cua nude nong. Thanh phdn dung 
dich va che do ma nhu sau : 


SnCL.5H 2 0 

CuCl 

K)Fe(CN) 6 

k 2 co 3 

NaOH 


100-120 g/1 

30-40 g/1 

180-200 g/1 

20-25 g/1 
15-20 g/1 


A 

Nhipt dp 


0,5-1,0 A/dm 2 
50-60 "C 


Anot bang dong thanh chUa 10-15% Sn. LOp ma chUa 12-20% Sh. 

Dong thanh tr&ng co the ma tut dung dich pyrophotphat khong doc co 
thanh phan va che do ma nhu sau : ty Ip Cu 2+ : Sn 2+ = 100 : 120, 

K 4 P 2 0 7 .12H 2 0 300-350 g/1; nhipt do 20-30 °C, D c = 0,5-1,0 A/dm 2 , pH 

7-8 , anot : dong thanh. Ham htpng d6ng tang len khi tang nong do dong 
trong dung dich va tang nhiet do dung dich. Giam pH den 6,6 hoac tha'p hem 
lam tang ham lupng dong trong hop kim len. Khi ma can khuay dung dich. 

Dung dich khong doc de ma dong thanh trang stic co mau vang kim 
v » 
gom cac chat sau : 


CuS0 4 .5H 2 0 30-50 g/1 

SnS0 4 30-50 g/1 

H 2 S0 4 50-100 g/1 

Phenol . 5-10 g/1 

Gelatin 1,5-3 g/1 

Tioure 0,005 g/1 

Che do dien phan : D c va D a bang 0,5-1 A/dm 2 ; hipu suat dong dien 
catot 100%; nhiet do dung dich 18-30 °C Anot bang hhp kim 90% Cu va 10% 
Sn. 

Pha che' dung dich nay nhu sau : Lay 60% the tich nude, cho H 2 S0 4 
vao roi hoa tan SnS0 4 , de lang, gan bo ket tua, khuay va do dung dich CuS0 4 
vao. Lay mot it nude dun den 50-60 °C , them phenol vao va hoa tan roi rot 
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vao dung dich dong - thiec n6i tren, khuay deu. Gelatin ngam trucrng, hoa tan 
vao nude 50-60 °C , cho vfto dung dich, khuay ky. Tioure pha vao nude roi cho 
vao dung dich. Dung djeh pha che xong co the ma ngay. 

Thanh phan hpp kim catot phu thupc nhieu vao mat dp dong dign. 
Giam D c ket tua giau dong len va mang nhieu sic thai cua dong. Ting D c hpp 
kim se giau thiec hdn va mau sic thien ve tring xam cua thiec hern. Vi vay 
khung treo phai thiet ke sao cho D c phan bo dong deu tren toftn khung va cac 
tiep diem phai chdt, tiep dien tot nhu nhau, co nhu vay mau sic cua san pham 
mdi giong het nhau dupe. 

Ldp ma thu dupe tU dung djeh nay co chat lupng kha tot, ban bong va 
de danh bong them, gin chic vdi nen thep. NSn phu ldp son trong suot len ldp 
mat dong thanh di gift dupe do bong lau dai. 

17.3. HOP KIM Sn-Pb 

Ldp ma hpp kim Sn-Pb cd nhieu uu didm hon ldp ma Sn : dd xop nho; 
do ben hoa cao; khong bi chuyen thanh hot vo dinh hinh khi nhiet dp xuong 
thap nhu Sn. 

Hpp kim chfta 5% Sn dung de bao vp thep lam vice trong nude bien va 
trong moi trUdng xam thftc khac, mac du no la ldp ma catot. NhUng trong moi 
trUdng do am cao, nhiet do cao hpp kim nay bao vp kem hdn ldp ma Sn. 

Hop kim chfta 5-11% Sn dupe dung de chong mai mon; no rat deo nen 
cd the ma cho dc vit hay cac diu can ghep chat; no co the gift vai trd cua chat 
boi trdn trong cac khuon ep. 

Hpp kim chfta 40-60% Sn rit di han du da qua bao quan kha lau, vi 
vpy no dupe dung nhieu trong ky thuat dipn va vo tuyen dien. Tfnh de hdn con 
a chd nhiet do nong chay cua hpp kim nay rat thap. Nen thdp can ma lot dong 
1-3 pm trUdc khi ma hpp kim ndy de moi han dupe sach. Nen bang-dong thau 
can ma lot ken trude khi mg hpp kim nay dd tranh Zn khuech tan tft nen vfto 
hpp kim. 

Cac dung dich ma hap kim Sn-Pb : Dipn the cua chi va thiec chi khac 
nhau co 14 mV , ma chung phong dien vdi do phan eftc khong lcfn, nen co the 
cho chung phong dien dong thdi thanh hpp kim ngay trong dung dich muoi 
dcfn. Trong thuc te thftcmg dung dung dich floborat. Thanh phan ket tua catot 
do ty so' nong do thiec va chi trong dung dich quyet dinh. Thay doi nong do cac 
muoi kim loai nay co the thu dude hpp kim co moi thanh phan. Hipu suat dong 
dien trong cac dung dich nay deu xap xi 100%. Kha nftng phan b6‘ cua chung 
Nong ldn, vi vay nen dung dung djeh co nong do thap, nhung n6ng do axit 
aric phai cao va co the dung them chat hoat dong be matt. Axit floboric tu 
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do con co tac dung lam ting do din dien va lam anot de tan. H 3 B0 3 can dU de 
chong thuy phan cac muoi va de giG on djnh pH . Phu gia hydroqninon de 
chong Sn 24 bi oxy hoa thanh Sn 4+ . Bang 17.3 trinh bay thanh phan va che do 
ma cua cac dung djch ay. 

Bang 17.3. Dung dich floborat ma hap kim Sn-Pb 


Thanh phSn (cj/l) dung 
dich va che d6 ma 

Dung djeh s 6 

1 

2 

3 

4 

5 

Pb(B(- 4 ) 2 tinh ra Pb 

60-88 

65-74 

23-42 

7-10 

11-15 

Sn(BF 4 ) 2 tfnh ra Sn 

6-10 

18-25 

35-60 

7 10 

5,5-8,5 

HBF„ tudo 

50-100 

50-100 

40-100 

50-100 

100-350 

H 3 B0 3 tg do 

25-40 

25-40 

25-40 

15-35 

15-35 

Gelatin 

0.5-1,0 

1-2 

3-5 

- 

- 

Hydroquinon 

0 ,8-1,0 

0 ,8-1,0 

0 ,8-1,0 

- 

- 

Sintanol DS 10 

- 

- 

- 

5-15 

5-15 

Che ph&n POS 1 

- 

- 

- 

0,3-0,8 

0,3-0,8 

D c , A/dm 2 

1-2 

1-2 

1-2 

2-4 

3-4 

Nhiet do, °C 

18-30 

18-30 

18-30 

15-25 

15-25 

Toe do ma, pm/h 

0,5-1,0 

0,5-1,0 

0,5-1,0 

1-2 

1.5-2,0 

% Sn trong hop kim 

12 

25 

60 

30, b6ng 

60, bong 

Anot 

Chi 


Sn60%-Pb 


Sn60%-Pb 


Dung dich 1, 2, 3 co the thay gelatin bang 1-2 g/1 pepton. Nen thep „ 
can ma let dong hay ken. Dung dich 1 va 4 dung ma cho vat co hinh dang phiic 
tap hay ma quay (D,. =1-3 A/dm 2 ; pH 1). Mat do dong dien anot D a =l-2 A/dm 2 . 
Tat ca cac dung dich khi ma phai cho catot chuyen dong. Anot chi va thiec 
phai co dp saich cao, khong dude chtia Sb. Cac anot chi va thiec treo tren cac 
cau rieng va co bien trd de dieu khien dong dien di vao tUng loai anot de dude 
hqp kim co thanh phan mong muon. Co the ma len cac vat bing thep, dong va 
cac kim loai khac. 

Pka che' dung dich : Cho mpt phan axit floboric vao chi cacbonat hay 
chi oxyt da tham Udt nude trude. Phan axit con lai cho tit tit vao dong cacbonat 
da tham udt nude trude. Dung dich dong floborat thu dude, d\m nong den 55 
°C, va cho cac hat nho hay phoi thiec vao . Khi tan het dung dich se trong suot. 

Do ca hai dung dich vha pha vao be ma, them gelatin (da hoa tan trong nude 
nong), them hydroquinon . Neu ham lUdng chi trong ket tua ldn hdn quy 
dink phai ket tua bdt no trong dung dich bang H 2 S0 4 , cii 1 g chi can 0,25 ml 
axit. 

Ngoai cac dung dich floborat con dung dung dich pyrophotphat, no cho 
ldp ma m)n. gin bam tot. Dung dich co kha nang phan bo tUdng doi ldn, 
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khdng xam thuc, pha che don gian. Thhnh phan dung djch va chd dp ma cho 
hop kim co 60% Sn nhu sau : 


Sn, tfnh ra kim loai 

35-40 gfl 

Pb , tinh ra kim loai 

20-25 g/1 

K 4 P 2 O 7 tong 

570-600 g/1 

Hydrazin 

8-12 gfl 

4,4’-Diamino-3,3’-dimetoxytdiphenylmetan 

1,0 gfl 

Keo 

1,5 g/1 

D, 

2-4 A/dm‘ 

Nhiet do 

phong 

pH 

8 ,3-8,9. 


17.4. HOP KIM Sn-Ni 

Hdp kim Sn-Ni chfta 35-40% Ni la ldp ma catot so vdfi thep, tuy vay no 
vln dupe dung lam ldp ma bao ve vi no co do ben hoa cao trong moi trUdng co 
do am cao hay co chrfa hop chat luu huynh. Do cting te vi cua ldp ma nay 5-7 
GPa; chin va dap tot hon Ni nhieu; co the lam viec trong khdng khi kho den 
300-350 °C: ben trong cac dung dich axit loang HC1, H 2 SO 4 vh HNO s , nhung 
bi pha huy kha nhanh trong axit HC1 va H 2 S0 4 dac; khong tac dung vdi dau 
nid. 

Hdp kim Sn-Ni de danh bong, chiu nen tot , nhung khong nen ma cho 
cac vat se phai nong rong hay vat chiu tai trong xung, vi no tuong doi don. No 
co dien trd tiep giap cao nhung khong thay doi trong qua trinh van hanh. 

Ldp ma chiifa 65% Sn co the dung de thay cho he ma ba ldp Cu-Ni-Cr 
nhung vhn phai ma lot dong vi do xo'p cua no tuong dtfdng Vdi Ni. Chieu day 
ldp dong lot 30 pm, chieu day ldp Sn-Ni 15 pm, khong can ma crom. Vat biing 
dong hay dong thau co the ma true tiep hop kim nay vdi chieu day 5-15 pm. 
Hdp kim co mau hong nhat dep mit. 

Hop kim Sn-Ni.co the nip thay cho Sn de vita de han vtra co co tinh be 
mat cao. Sn-Ni con dung lam ldp ma lot trude khi ma vang trong nghe kim 
hoan vi co uu didm khdng cho vang khuech tan vao no . Hop kim nay dung rat 
co liieu qua de ma cho cac bo phan tiep xuc nhau ma khdng thd thao rdi khi 
ma. cac khuon ep nhua hoac cac mu pin tron. 

Dien the tieu chuan cua thiec va cua ken chi khac nhau co 0,1 V vi the 
co the dung natri florua va amon florua da co the xich gan dien the phong dien 
cua chung lai bang nhau trong dung dich clorua, Cac muoi florua nay co anh 
udng rat khac nhau den chat luqng ldp ma. Dung djeh co mat natri florua cho 
ma md, deo, con khi co mat amon florua cho ldp ma bong, don. Neu co mat 


in 
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ca hai lai cho ldp ma bong va deo. Ainon clorua lam giam ting suat. Dp axit 
anh htidng nhieu den chat lU0ng. pH 2-2,5 va nhiet do 50-70 °C cho ldp ma 
bong; con khi pH 4,5 ldp ma chi bong trong khoang nhipt do 45-50 °C . 

De ket tua hdp kirn co 65% Sn va 35% Ni nen dung dung dich 
floclorua co thanh phan va che do ma nhu sau : 

NiCl 2 .6H 2 0 250-300 gA 

SnCl 2 40-50 gA 

NH,,C1 100 gA 

NH,F 60 gA 

D r 1 A/dm 2 

D a 0,5-1,0 A/dm 2 

Nhiet do 50-60 °C 

pH 3,5-4,5 , 

Hieu suat dong dien 96-98 % 

Anot ken, hoac dung anot hop kim chda 30% Ni va 70% Sn, che tao 
bhng each nau luyen. De" pha che dung dich, hoa tan amon florua vao nddc 
nong, sau do them cac can tu con lai vao, cuoi cung axit hoa dung dich den gia 
tri pH can thiet. 


17.5. HOP KIM Zn-Cd 

Hop kim kem-cadimi co tinh bao ve cao nhif ldp ma cadimi nhimg gia 
thanh lai re hon. Ldp ma co 60% Cd co tinh bao ve bang ldp ma Cd. Ldp ma co ■ 
tren 80% Cd co tinh bao v| tot hon Cd. Ldp ma co 85-90% Cd va 10-15% Zn cd 
tinh bao ve cao nhat. 

Dd ma hpp kim cd 5-10% Cd dung dung djeh floborat sau ; 

Zn(BF,) 2 180-200 gA 

Cd(BF 4 ) 2 60-70 g/1 

NH 4 BF, 50-60 gA 

HBF„ tu dc 30-50 g/1 

Keo dpng vat 1 gA 

D c 1,5-2,0 A/dm 2 

Nhiet dp 18-45 °C 

pH 1 

Anot la hdp kim chUa 90% Zn va 10% Cd. 

De ma hdp kim chUa 85-90% Cd dung dung dich xyanua sau : 

Cd(CN) 2 , tinh ra Cd 48-50 gA 

Zn(CN) 2 , tinh ra Zn ^ 6-7 gA 

KCN 200 g/1 
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KOH 55-60 gA 

D r 1 A/dm 2 

Nhiet dd phoug 

Anot la hop kim co thanh phan nhtf 16p ma. 


17.6. HOP KIM Ni-Fe 


Hod kim Ni-Fe co cac dng dung chinh 14 thay ldp Ni trong he mai trang 
sdc ba ldp; dip day cac de khuon ep chat deo trong ma due diin; tao ldp ma co 
td tinh trong viec san xuat bang td. 

Ket tua hop kim nay co the dung dung djeh sunfat, clorua, sunfamat, 
floborat Sit va ken ket tua dong thdi khong c6 kho khan gi lOn nen co the 
ma td cac dung dich ddn, nhtfng ve cong nghfe khi lam viec lau dai Fe“' co the 
bj oxy hoa thanh Fe J lam giam hieu suat dong dien, giam kha nang phan ho 
va ldp ma de bj san sui. Khiic phuc hien tudng nay b&ng each dung phu gia 
chong oxy boa Fe^ hoae phu gia khd Fe'"’ thanh Fe 2+ . Ngoai ra dung dich 
cung phai co cac chat dem, chat ddn dien. chat bong, chat thi'm udt nhu 
dung dich ma ken. 

Ma Ni-Fe chda 20-25% sit co the dung cac dung djeh dau : 


NiS0 4 .7H 2 0 

60 g/1 

250-280 gA 

FeS0 4 .7H 2 0 

2 g/1 

20-40 gA 

h,eo 3 

25 g/1 

40-50 gA 

NaCl 

- 

30-40 gA 

Axit xitric 

- 

25-30 gA 

Sacarin 

0,8 gA 

1,8-3 gA 

Natri laurylsunfat 

0,4 gA 

0,05-0,1 gA 

Chat bong BK-1 

- 

0-1 ml/1 

pH 

1 ,8-2 

3,3-3,5 

D f 

4 A/dm' 

3-6 A/dm'. 

Nhiet dd 

50-60 °C 

55-60 °C 


Khuiy se tang thanh phin sit trong ldp ma. Anot bang hdp kim co 
thanh phan nhu lop mg hay anot ken edng vdi anot sit, ty le dien tich cac anot 
Ni/Fe =3/1 den 10/1. 

De ma dip day cd tren 300 pm hdp kim Ni-Fe, chda 20-30% sit, co do 
tng 4000-5300 MPa co the dung dung djeh sau : 

Ni(BF 4 ) 2 , tfnh ra Ni 24-25 g/1 

Ken sunfoxalixilat, tinh ra Ni 24-25 g/1 

Fe(BF 4 ) 2 , tinh ra Fe 8-10 g/1 


h,bo 3 7 - 10 

Sacarin °- 6 ~ 0 ’ 7 ^ 

Natri laurylsunfat 0,05-0,1 g/1 


pH 2,0-3,0 

D 10-15 A/dm 2 

Nhiet do 40-50 C 

Khuay se tang thanh phan sit trong hdp kim len. Anot dung hdp kim 


co cung thanh phhn nhit ldp ma. 

Khong nen khuay bhng each sue khong khi nen cho cac dung d*ch co 
mat Fe 2 \ chi dung khuay cd, di dong catot, khuay td. 
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Chtfdng18 

OXY HOA NHOM, MAGE, THEP 
VA HOP KIM CUA CHUNG 


18.1. OXY HOA NHAM VA HOP KIM NHOM 

Nhom va hop kim nhom luon t\t sinh ra ldp oxyt Al 2 0 ;i tren be mat, 
nhitng vi chieu day qua mong ( 0,02-0,1 pm) lai khong dong deu, va phu thugc 
nhieu vao thanh phan hop kim nhom nen khong du dp chju mai mon va do 
ben an mon cho nhieu bo phan hay chi tiet may bang vat lieu nay. Vi vay phai 1 

oxy hoa nhan tao de ditoc lop oxyt day hdn. De oxy hoa nhom co the tien hanh 
theo phifdng phap hoa hoc hoac phifdng phap dien hoa. Oxy hoa hoa hoc cho 
ldp mang day cd 3-5 pin. Oxy hoa dien hoa cho chieu day len den 20-30 pm; 
trudng hop dhc biet co the day den 300 pm. 

Oxy hoa hoa hoc it dung hon oxy hoa dien hoa ,vi tinh bao ve cua mang 
kem hdn; chi dung cho triicing hop vat gia cong co hinh dang qua phifc tap, kho 
oxy hoa dien hoa. Oxy hoa hoa hoc cho nhom va hop kim nhom trong cac dung 
dich cromat. Quy trinh oxy hoa nay gbm cac bifdc ; 

- Tay dau md trong dung dich gom Na 3 P0 4 50 g/1, NaOH 5-10 g/l, 
Na 2 SiO :j 10-30 g/1; Nhidt do 50-60 °C, thdi gian 3-5 ph. 

- Oxy hoa trong dung dich gom Na 2 CrO^ 17 - 20 g/1, Na 2 CO, 3 57 - 
60 g/1, Na 2 SiO ;) 1 - 1,5 g/1; Nhi$t dq 85 “C, thdi gian 8-10 ph. 

-1 loan thian mang Al 2 0,j blng each nhung no vao dung dich CrO s 2% 
trong 2-10 s de thu d$ng cac 16 xSp, trung hoa kiem con s6t trong mlng. 

<* ■ -4 

Oxy hoa dien hoa se sinh ra mang A1 2 0 3 nhU sau : dudi site ep cua hi$u / 
so dien the tai hai m&t cua mlng oxjt c6 sin tren be mat cifc nhom, cac ion 
A1 ' se di chuyhn theo hifdng tif ci/c nhom qua mlng ra dung dich, con ion O 2 ' 
se di chuye’n ngifqc lai ttf dung djeh qua mlng vao cxfc nhom; chung tUdng tac i 
vdi nhau tqo thanh A1 2 0 3 tai mht trong cua mhng: 

2A1 2 * + 30* * -+ A1 2 0 : , . 

Neii dung dich la H 2 S0 4 chlng ham, thi song song vdi qua trinh sinh 
g n&y con co qua trinh hoa tan mang tai phia giap vdi dung dich; jj : 

A1 2 0 3 + 3H 2 S0 3 —> Al/SOda + 3H 2 0 . 
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Ket qua la mang gom hai 16p, ldp sat vdi nhom, nidi dUdc sinh ra, rat 
mong, nen kin, sit chat, goi la ldp barie va ldp ngoai giap vcri dung djch, kha 
day, sinh ra va tiep xuc vdi dung djch da lau nen bj hoa tan thanh cac lo xop 
hinh pheu xuyen den ldp barie. Trong mpt dieu kipn nhat dj.nh, chieu day ldp 
oxyt chi phat trien den mot gia trj. gidi han toi da, sau do co keo dai thdi gian 
anot hoa cung khong day them dupe. Luc do toe dp sinh mang va toe do hoa 
tan mang bang nhau. The tich rieng cua A1 2 0 3 ldn hdn cua Al, nen kich thude 
cua vat gia cong se thay doi sau khi anot hoa. Khi anot hoa sinh ra A1 2 0 3 dong 
thdi oxy cung thoat ra lam ton that mpt phan dong dien. 

Anot hoa nhom. bang dong diin mot chiiu thudng dupe tien hanh trong 
dung d|ch H 2 S0 4 20% d 15-30 °C, D a = 0,8-1,0 A/dm 2 . Dipn the be 10-12 V, 
catot bang chi, thdi gian 20-40 ph . Doi vdi hdp kim nhom thdi gian anot hoa 
can D a ldn va thdi gian lau hdn. Hdp k im bien dang anot hoa de hdn va mang 
tot hdn hdp kim due. Hpp kim due ap li/c d§ hdn va mang tot hdn hpp kim due 
khuon cat. De nang cao chat lifdng mang thifdng dung phu gia cho vito dung 
djeh, Vi dp, phu gia axit oxalic 30 g/1 cho ldp mhng tot tren hdp kim Al-Mg ,... 
Hoac u hpp kim trtfdc khi oxy hoa , vi du, hdp kim Al-Si da qua u nhiet di thu 
difdc mang co chat luprpg tot. Thanh phan dung djeh va che do oxy hda co anh 
hifdng den chat lifdng mang oxyt (bang 18.1). 

Bang 18.1. Anh hudng cua dung dich ud che d6 anot hda 

den tinh chAt ldp oxyt 


Thay dPi di4u kipn anot h6a 

Tlnh chSt I6p nhbm oxyt 

chiPu dby 
tPi da 

db cC/ng 

d6g£n, tfnh 
h£p phu 

db bPn 9n 
mbn 

dp xPp 

T9ng nhiftt dp 

4 

4 

t 


t 

T9ng mpt dp dbng dipn 

t 

t 

4- 

/\ 

4 

GiPm thdi gian oxy h6a 


t 

4 

4 

t 

GiPm nPng dp axit 

t 

t 

4 

Sx 

4 

Dung dbng dpi chiPu 

4- 

4 

t 

i 

_ 

t 

_ 
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Tang nhiet dp lam tang toe dp hoa tan mang, nen chieu day mang ting 
cham va mang se mong; do xop tang va tinh bao vp giam. Nhiet dp thap hdn 

15 °C toe do phat triln mang cung cham va mang trl nen ctlng, don. De nhipt 
do dong deu trong toan bp dung djeh can phai khuay bang khi nen. Be phai co 
ao nude hay ong xoln lam nguoi dung dich. 

Tang mat do dong dien se lam tang toe dp liinh thanh mang oxyt. Luc 
dau mang tang trudng theo mat do dong dipn; nhung khi vupt qua gia trj D a 
ngudng nao do tlii nhiet do trong 16 xo'p tang rat nhanh do nhiet Jun toa ra, 

16 m tang to'c do hoa tan mang va tang dp xop. De han che hien tupng nhy mat 
do dong dien the tich khong dupe vupt qua 0,3 A/lit dung dich. Doi vdi hdp kim 
dl tan vao dung dich nen anot hoa vdi m|t dp dong dipn ldn. 

Khi che do anot hoa khong thay doi thi toe do tao mang luc dau cung 
khong thay doi, nhUng sail do ty so giifa toe do tao mang va to'c dp hoa tan 
mang ciV giam dan. Oxy hoa lau qua mang se rat tcfi, bd. 

Tang ndng dp axit sunfuric, mot mat lam tang dp dan dipn dung dich, 
giam nhiet Jun trong lo xop; mat khac lai lam tang toe dp hoa tan mang. 

Khi dung dich lam viec da lau se tich tu nhieu ion nhom, mage, sat, 
dong (do nen tan ra) . Cac tap chat nay anh hudng co hai den chat lupng 
m 6 ng oxyt: toi, lam cham den. Nong do tap chat cho phep tPi da: nhom 25 g/1, 
mage 5 g/1, sat 2 g/1, dong 2 g/1. 

Mang oxyt day, do cUng cao se nang cao tuoi tho cho chi tiet may bang 
nhom va hop kim nhom lam vipc trong dieu kipn ma sat. Dl c 6 chieu day 
mhng cd 300 pm co the dung dung dich H 2 SO 4 20%, nhipt dp 1-3 °C, D a = 
2,5 A/dm 2 . Dipn the luc dau 23 V sau tang dan len din 80 V, tham chi 120 V. 
Thcfi gian 3-4h tuy theo thanh phan hpp kim. Nh 6 m sach va hpp kim Al-Mg 
dl thu ditpc mang day va eftng nha't. 

Oxy hoa nhom va hpp kim nhom co the tien hhuh bang dong xoay 
chieu. Tpi nua chu ky catot tren v4t gia edng co hydro th 6 at ra. Tpi nda chu 
anot mang oxyt dupe sinh ra. Anot hoa cho dura (Al-Cu) bang ddng xoay 
chieu din din ding tich .ty. trong dung dich se phdng di|n tpi nua chu k£ catot 
14m cho ming c 6 cac vach den. 

Sau khi oxy hoa c 6 the nhuom nh6m thinh nhieu m4u khac nhau. C 6 
hai each nhupm miu nh 6 m : 

- Dung chat mau huu cd truyen thing pha th4nh dung dich nhupm 
u4u; be mat nhom via oxy hoa xong dupe nhupm trong dung djeh miu nii 

a n. Nhuom.xong phai lupc trong nude soi de bit kin cac Io xop da hip phu 
■i, tang do ben m4u cho san pham. 

- Ket tua mot kim loai nao do v4o cac lo xop cua mang oxyt bing dong 
hieu: kim loai thuPng dung la ken, coban hay thiec. Miu cua mang la 
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ket qua cua cac titdng tac trong qua trinh nhuom mau dien hoa nay ma co, va 
thay doi thanh mot pho mau kha rong tuy thugc vao dieu kien va thdi gian 
dien phan. Vi du, nhudm mhu dien hoa b&ng Sn 2f trong dung dich H 2 S0 4 20 
g/1 + SnS0 4 10 g/1 + phu gia va dung dong xoay chieu se cho dai mau rat rong 
tit vang nhat sang nau den den tuy theo mat do dong dien va thdi gian dien 
phan. 

Be mat san pham nhom sau khi oxy hoa khong chi phu thupc vao dieu 
kien tien hhnh oxy hoa ma con vao thanh phan hop kirn nhom nfla. Trong khi 
rat nhieu loai hdp kim nhom co the oxy hoa de bao ve chohg an mon, thi chi 
mot so at hdp kim co the nhuom mau duoc va so hdp kim cho be mat sang bong 
lai con it hdn. Vi vay chon quy trinh oxy hoa va nhudm mau doing vln chua 
du ma con phai phu hdp vdi tdng loai nhom va hdp kim nhom nfita. 

18.2. OXY HOA MAGE VA HOP KIM MAGE 

Hdp kim mage rat nhp, nhe hdn hdp kim nhom 25-30%, difdc dung 
nhieu trong cong nghe hang khong. Nhifng mage va hdp kim cua no de bi &n 
mon. Mang oxyt tu nhien qua mong, khong du kin nen khong bao ve ditdc 
chung khoi an mon. Oxy hoa se nang cao dude tlnh bao ve cho chung, tuy 
nhien vin khong the’ sit dung chung trong cac moi tritdng xam thdc manh 
dude. Ldp oxy hoa tren mage va hdp kim mage co the thu dude bang phitdng 
phap hoa hoc hay dien hoa. 

Khi oxy h6a hoa hoc, mage bi hoa tan manh, lam thay doi kich thude 
cua vat sau khi oxy hoa. Khi oxy hoa tren anot se cho mang edng va chiu va 
dap. Tuy theo each thtic che tao ra san pham ma chon dung dich oxy hoa hoa 
hoc (bang 18.2) cho phu hdp. 

Bang 18.2. Dung dich oxy hoa hoa hoc mage va hop kim mage 


Th£nh phln (g/1) dung djeh 
va ch« d 6 oxy h 6 a. 

Dung djeh sfi 

1 

2 

3 

4 


40-50 

20-25 

150-160 

30-50 

HNOj 

75-90 

30-35 

- 

- 

NH 4 CI 

0 , 8 - 1,2 

1-1,5 

- 

- 

Cr0 3 

- 

- 

1-3 

- 

(NH 4 hS 0 4 

- 

- 

2-4 

- 

CH 3 COOH 60%, ml/I 

- 

- 

10-20 

5-8 

Phen nh 6 m 

- 

- 

- 

8-12 

NhiSIdS, °C 

70-80 

70-80 

60-80 

- 

Thdi gian, ph 

1-2 

1-2 

1-2 

_ 
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Dung dich 1 dung de oxy hoa cho hpp kim due. Dung dich 2 dung cho 
hup kim mage bien dang. Dung dich 3 diing de oxy hoa cho cac chi tiet c6 kich 
thUofc chinh xac, dung dich nay khong an mon mage. Dung dich 4 de gia cong 
cho chi tiet chinh xac. 

Tuy theo thanh phan hdp kim ma mang oxyt se co mau khac nhau : t\( 
vang kim den xam hoftc den. Sau khi oxy hoa, rua can than rdi xii ly trong 
dung dkh K 2 Cr 2 0 7 8-10% 6 nhiet do 95-100 °C, thdi gian 25-30 ph, rfia va 
say d nhiet do khong qua 60-80 °C. 

Oxy hoa dien hoa cb thl dung dung dich axit hay kiem (bang 18.3). 
Oxy hoa dien hoa trong cac dung dich kiem se dude mang la mage hydroxyt. 


Bang 18.3. Dung dich anot hoa mage vd hap kim mage 


Thanh ph5n (g/t) dung dich 
va che d 6 anot h 6 a 

Dung dich so 

1 

2 

3 

4 

NaOH 

140-160 

50 

. 

_ 

Na 3 P0 4 

- 

3 

- 

- 

Phenol 

3-5 

- 

- 

- 

NajO.SiO; 

21-25 

- 

- 

- 

HBP 

- 

- 

60-80 

- 

H5PO4 

- 

- 

300-400 

300-400 

KF 

- 

- 

100-120 

- 

0*, A/dm 2 

0,5-1,0 

1,5 

5 

5 

Nhiet do, °C 

60-70 

70 

70-80 


Thdi gian, ph 

30 

40 

30-40 


Dien the, V 


' 

70-90 

120-150 


Dung dich 1 cho mang day 7-15 pm c6 man tif luc den xam. Dung dich 
2 cho mhng mau xam. Khi oxy hba trong cac dung dich axit (dung dich 3, 4, 5) 
se dupe mang gom cac hpp chat mage kho tan. Trong cac dung dich nhy c6 the 
dung dong dipn mot chieu hay dong xoay chilu. Trong dung dich 3 cho m&ng 
ciing, dhy den 30-50 pm; trong dung dich 4 cho mang day den 5 pm. Sau khi 
oxy hba, rua ky, say kho roi phu son len 

H.3. OXV HOATHEP VA GANG 

Oxy hoa gang, thbp dl chong hn mon va de? be mdt co mau dpp hdn. 
♦oi thanh phhn dung djeh va che do gia cong co the thu dupe ldp phu co 
cao..chiu va dap tot, each dien tot. Mang oxyt co the tao ra bhng cac 
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phuang phap : gia cong hoa hoc trong dung dich kiem hay axit; gia cong dipn 
hoa tren anot trong dung dich kiem hay axit cromic; gia cong nhiet d nhiet do 
tucfng doi cao (400-800 °C). 

Phudng phap hoa hoc dude dung pho bien nhat. No cho mang mau den, 
day den 1,5 jxtn dung de trang sbe-bao ve cho vat lam vide 6 moi trudng an 
mon nhe. Tang them tinh bao vp cho mang bang each ta'm dau hay son. Oxyt 
hoa hoa hoc co thb tien hanh trong dung dich kiem co them chat oxy hoa hay 
trong dung dich axit photphoric. Mang oxyt che tao tir dung dich axit 
photphoric thuc chat la mang sit oxyt-photphat. Mang nay co do ben cd va 
ben hn mon cao hdn mang thu tit dung dich kiem va lam nen cho sdn rat tot. 

Oxy hoa dien hoa tien hanh tren anot trong dung dich kiem. Ldp phu 
co tinh chbng an mon tot hdn ldp phu hoa hoc. Nhung phitdng phap nay efin 
thiet bi phtic tap hdn. ton nhieu cong sufe hdn nen khong pho dung bang 
phddng phap hoa hoc. 

18.3.1. Oxy hoa hoa hoc cho gang, thep 

Trong dung djch kidm kha dac, co mat chat oxy hoa va d nhiet do cao 
sit se hoa tan va tao thanh Na 2 Fe0 2 : 

Fe + O + 2NaOH = Na 3 Fe0 8 + H a O. 

Do nong do chat oxy hoa cao nen Fe 2 ' bi oxy hoa thanh Fe 3 ' va 
NaoFeOv chuyen thanh Na 2 Fe 2 0 4 . Hai muoi nay tac dung vdi nhau tao thanh 
sat oxyt Fe :j O„ : 

Na.-FeO, + Na 2 Fe 2 0 4 + 2H s O = Fe :j O< + 4NaOH. 

Oxyt sinh ra phu kin toan bo be mat. Tang nong do chat oxy hoa se 
cho mang mong nhung kin. Tang ning do kiem cho mang day hdn nhung xop. 
Khuay dung djch hay nhipt dp thap cho mang day va tdi xop; doi khi sinh ra 
sit (III) hydroxyt thanh cac vet do nan trin mat; mang oxyt tren thep cacbon 
khoiig chi c6 Fe,0 4 ma con cd ca oxyt cua cac nguyen to hop kim nda. Muon cb 
ldp mang day (2-3 pm), khong co cac vp! mau noi tren phai oxyt hoa lien tiep 
trong hai dung dich : dung dich 1 co nong dp kiem thap hdn bxnh thubng, cho 
mang thp dpng mong. lam cho kim ioai hoa tan cham di; dung dich 2 ndng dp 
kiem d&c hdn, tiep tuc phat trien mdng oxyt ma khong sinh ra sit hydroxyt. 

Nitrat, nitrit va clorat dupe dung 1dm chat oxy hoa. Nitrat cho ming 
mau den, mb, tinh bao v$ tot. Nitrit cho m&ng mau den, bong co anh xanh, 
tinh bao ve kem hdn. Clorat cho mang mau den nhanh. 

Dung djch kiem van n&ng de oxj’ hda thep. gang nhu san ; 

NaOH 500-550 g/1 

NaN0 3 50-100 g/1 

NaN0 2 200-250 g/1 
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Che do oxy hoa thay doi theo mac thep nhu sau : 

Thep cacbon trung binh 135-145 °C trong 30-50 ph 

Thep cacbon thap 145-155 °C trong 40-60 ph 

Thep hop kim thap va trung binh 145-155 °C trong 60-90 ph. 

Tai cac nhiet do tren dung dich se soi, nude bay hcfi, dung dich dac dan 
nen nhiet do soi cung tang dan. Vay can cU vao nhiet do soi ma dieu chinh 
nong do dung dich : nhiet do soi tang phai them nude; nhipt do soi giam phai 
them NaOH. 

Mau ldp mang chi den thlm khi dung dich da tich tu mot it muoi sit. 
Vi vay dung djeh pha che xong phai treo cac tarn thep vao be va xii ly trong vai 
gid. Neu mang van co mau den-luc phai them chat oxy hoa. 

Khi oxy hoa trong be tlnh phai treo vat gia cong sao cho cac khe, 16, 
ranh. .. khong con dong khi de mang dude dong deu. Cir niia gid mot lan phai 
lay vat gia cong ra khoi dung dich va rua trong nude lanh roi lai tiep tuc. Be 
lam viec mot thdi gian se co nhieu can sat hydroxyt, can phai djnh ky loai bo. 

Sau khi oxy hoa, rita sach kilm, phai tien hanh rua trong dau hay 
trong nude xa phong trong 2 ph d 90 °C roi say kho va tarn dau nong 100 - 
110 °C lioac lau bang khan tarn dau. 

Pha che dung dich : NaOH dat trong gid sat, treo vao be lam viec da 
chUa san nude, lac hay kliuay cho tan het. Them chat oxy hoa vao dung dich, 
khuay den tan het. 


18.3.2. Oxy hoa dien hoa cho thep 

Ldp phu oxy hoa dien hoa chong an moil tot hdn ldp oxy hoa hoa hoc, vi 
mang day hcfn va it xop hefn. Trudc khi oxy hoa phai thy dau md, hoat hoa vh 
gia cong anot trong dung djeh K 2 Cr 2 0 7 5% d 45-55 °C trong 10-15 ph vdi D a = 
3-5 A/flm 2 . Oxy hoa trong dung djeh kiem hay axit sau : 

Dung djeh kiem : 


Dung djeh axit: 


NaOH 

350-600 g/1 

D a 

3-5 A/din 2 

Nhipt dp 

65-80 T 

Thdi gian 

10-30 ph 

Cr0 3 

150-250 g/1 

HBF, 

1-2 g/1 

D a 

5-10 A/dm 2 

Nhidt do 

40-50“C 

Thdi gian 

10-15 ph. 
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18.3.3. Lotp phu oxyt-photphat cho thep 

Mang oxyt-photphat chong 4n mon, g&n bam, ben cd tot hdn mang 
oxyt binh thudng nhieu. 

Bang 18.4. Dung dich tao Idp oxyt - photphdt cho thep 


Thanh phan (g/1) dung dich 
va che do lam viec 

Dung dich s6 

1 

2 

3 

4 

Ca(N0 3 ) 2 

10-20 

_ 

15-330 

- 

Ba(N0 3 ) 2 

- 

80-100 

- 

80-100 

Mn0 2 

- 

11 ,8-12,2 

0,5-1,0 

10-15 

h 3 po 4 

1-3 

0,5-2,5 

0,5-1,0 

4-5 

Nhiet do, °C 

94 98 

94 98 

98-100 

98-100 


Dung dich co axit photphoric va chat oxy hoa : Mn0 2 , Ca(N0 3 ) 2 hay 
Ba(N0 :j )2 Axit photphoric tac dung vPi kim loai thanh muoi photphat la hop 
phan cua mang. Doi khi con cho them chat he che vao dung dich de kh&c phuc 
hien tupng tao thanh cac vet trdng tren mat vat gia cong cua cac muoi khong 
tan. Thanh phan dung dich tao mang oxyt-photphat thong dung nhat dupe 
trinh bay trong bang 18.4. 

Thep cacbon va thep hpp kim co the gia cong trong tat ca cac dung dich 
ke d bang 18.4. Gang gia cong dung dich 2. Thep toi gia cong trong dung dich 
4. Thdi gian gia cong 40-60 ph. Giarn nong do axit photphoric va giam nhi|t 
do se lam cho mang tho, hao ve kem. 

Qua trinh hinh thanh mang oxyt-photphat luon kem theo qua trinh 
thoat hydra. Vi vay khi nghng thoat khi chiing to qua trinh tao mang da hoan 
thanh. Quy trinh gia cong nhu sau ; tay dau m3, rda, thy axit hay phun cat, 
rUa trong H :J PO^ 8-10 g/1 cl nhiet do phong vh lap trfc dua oxy hoa ngay, oxy 
hoa, rUa lanh, riia n6ng, lupc trong nude xa phong soi 2-3 ph, say, tam dau, 
lau het dau thita. 

Pha chi' dung dich. : Ca(N0 3 ) 2 hoa tan trong ntfdc lanh, con Ba(N0 3 ) 2 
trong nude nong vh khuay mpnh. Mn0 2 cho vho tui vai dht xuong day be. 
Ki§m tra dung dich chu yeu lh xac dinh ham lupng axit til do va nitrat. 

Xac d|nh ham htpng axit td do : lay 10 ml dung djeh oxy h6a, them vai 
giot metyl da cam, chuhn bang NaOH 0,1 N cho den khi chuyen thanh mhu 
vang. So mililit dung dkh NaOH da dung trong khi chuan do dupe goi 13 do 
axit hay la so diem cua dung dich oxyt-photphat. Dp axit cua dung dich oxyt 
hoa dao dong trong gidi han 2-10 diem. Do axit thap nhat trude khi dua vat. 
gia cong vao bd phai la 3,5-4 didm. Nong do nitrat kiem tra dinh ky (tuy theo 
mtfc do khai thac) va dieu chinh theo ket qua phan tich. 
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Chufdng 19 

PHOTPHAT HOA 


19.1. TfNH CHAT VA (TNG DUNG 

Ldp phu photphat co man xam sam anh lac, co cau tao tinh the, each 
di£n, It hoac khong xop, gion. Ming photphat thudng dung lam ldp lot de sdn 
len cac san pham kim loai tUdng doi ldn. Kim loai nen chu yen la thep, roi mdi 
den kem va nhom. Uu diem nhat cua ldp photphat la tang tinh chong in mon 
va gin bam sdn tot. Ngoai ra con co nhiifng tifng dung dac bi^t nhit trong cong 
nghe keo day dung ldp photphat de tang do trdn, chong the nghen: khi do ldp 
photphat phai day va phai dUdc thm dau hay m3 bao ve. 

Ldp photphat hon hdp sdt-kem tildng doi mong tren nen sat difdc xem 
nhu la tieu chuan bit buoc can phai co trifdc khi sdn thung xe oto, may giat, tu 
lanh,... 

Quy trinh photphat hoa co dien la nhung tit 10 ph den vai gid vao 
dung dich d nhiet do cao (60-90 °C). Dung dich photphat hoa hien dai co chda 
cac phu gia lam tang toe do qua trinh, ha thap nhiet do xuong 35 °C va van 
hanh blng each phun hoac phun-nhung lien hdp. 

Dung dich photphat hoa hien dai thudng co thanh phan phiitc tap, 
nhung bao gid cung phai co ba thanh phan chinh la axit photphoric tu do; 
mud'i kim loai dihydrophotphat; va chat thng toe. pH thudng dung trong 
pham vi 1,8 den 3,2; pH thap thich dung vdi phudng phap nhung, pH cao 
thudng dung cho phudng phap phun. Photphat hoa hoa hoc dude dung nhieu 
hdn, nhung photphat hoa catot va nhat la photphat hoa anot ngay cang dude 
chu y hdn do thdi gian cong nghe ngln hdn va co the dieu khien difdc qua 
trinh tao mang. 

Phan ifng xay ra trong qua trinh photphat hoa rat phUc tap. Lay qua 
trinh photphat hoa hoa hoc lhm vi du : dung dich la cac mud'i dihydro¬ 
photphat kim loai. hoa tan trong dung dich nong va b; thuy phan nhu sau . 


Me(H 2 P0 4 ) 2 -> 

Me 2+ 

+ 2H 2 P0 4 ~ 

H 2 P0 4 * 

H" 

+ hpo 4 2 - 

HPO/' 

H 4 

r 

+ P0 4 s - , 


trong do Me la Fe, Zn, Mn. 
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Thdi gian 


10-15 ph 


15-CNMD 
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Thep hay gang nhung vao dung dich photphat hoa se hinh thanh cac 
vung anot va catot xen ke nhau. Tai vung anot sat bi xam thuc tan vao dung 
djch Fe -> Fe 2+ + 2e, con tai vung catot. hydro thoat. ra 2H + + 2e -> 
2H -* H 2 . Ket qua la ldp dung dich sat vat gia cong giau ion Fe 2+ cung nhit 
ion HPO/~ va P0 4 :i ~ len , chung ket hdp vdi nhau thanh cac hdp chat, khong 
tan FeHP0 4 va Fe 3 (P0 4 ) 2 , ket tinh thanh mang photphat. Trong mang 
khong chi co muoi sat ma con co ca muoi mangan hay kem nua. Thanh phan 
kim loai nen, each gia cong be mat trude khi photphat hoa, thanh phan dung 
dich va che do photphat hoa deu anh hdcfng thanh phan va tinh chat mang. 

Trifdng hdp dung dung dich photphat kem cho nen thep thi mang 
gomchuyeula Zn 3 (P0 4 )2.4H 2 0 = H va Zn 2 Fe(P0 4 )2.4H 2 0 = P Trong 

san xuat da dung ty so P : P+H (dupe xac dinh bang phddng phap nhiiu xa 
tia X) nhtf la mot tieu chuhn kiem tra chat lddng. Chat lUdng ldp photphat 
tren thep con ducfc xac djnh theo phUdng phap co dien bang trong lUdng cua 
mang tren mot ddn vi dien tich. Ldp phu nang (< 7,5 g / m 2 ), co tarn dau hay 
md, dude dung cho trifdng hdp can bao ve that tot . Ldp phu co trong lUdng 
trung binh (< 4,3 g/m 2 ) phai sdn hoac tam dau, dung cho trddng hdp bao ve 
binh thifdng. Ldp phu lihe (< 1,1-4,3 g/ m 2 ) thitdng dUdc dung lam nen de sdn 
chong len trong cac cong nghe gia cong thong thildng. 

19.2. PHOTPHAT HOA KIM LOAI DEN 

Photphat hoa kim loai den co the tien hanh bang phUdng phap hoa 
hoc hay dien hoa. Photphat hoa hoc kim loai den gom cac loai : photphat hoa 
thitdng, photphat hoa nhanh va photphat hoa nguoi. 

19.2.1. Photphat hoa thifcfng 

De thu dUdc mang photphat phai dung muoi dihydrophotphat cua cac 
kim loai: Mil, Fe, Zn, Cd. O' Nga hay dung che pham Majef, chinh la hon hdp 
cac muoi dihydrophotphat cua sht va mangan : Fe(H 2 P0 4 ) 2 , Mn(H 2 P0 4 ) 2 .H 2 0, 
MnHP0 4 va co thanh phan hoa hoc : Fe 2,4-2,5%, Mil 14%, photphat 45 
-52 % (tinh ra P 2 O r j, S0/~1,0%, CaO vet. Cl" vet va H 2 0 1-2%. 

Qua trinh photphat hoa hieu qua nhat trong dung dich cinia 30-33 g/1 
che phdm Majef d nhiet do 96-98 °C . Tai cac nhiet do thap hdn se sinh ra cau 
true tinh the, con d nhiet dg cao hdn se sinh nhieu can trong dung djeh. Thdi 
gian photphat hoa dUdc xac dinh bang thdi diem ngimg thoat khi hydro, tuy 
nhien nen keo dai them 5-10 ph nda. Do axit tong A t va do axit til do A t(1 cua 
dung dkh thildng dUdc the hien bang diem. So diem la so mililit dung dich 
NaOH 0,1N da dung do chuhn 10 ml dung dkh photphat hoa. Do axit chung 
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cua dung dich can phai nam trong gidi han 28-30 diem, con do axit tit do la 3-4 
diem, Ty so toi Uu A, / A ld = 7/1 den 8 II . Tang do axit til do se keo dai thdi 
gian photphat hoa va lam giam tinh chat bao ve cua mang. Giam do axit til do 
se lam cho mang mong va tinh bao ve kem di. 

Mang tao thanh tit dung djch muoi Majef co Aq gdn bam cao, dat 
chieu day til 7 den 50 pm va xop. Ldp phu co dien trcf cao va ch|u nong tot. 

De mang co tinh the nho, tinh bao ve cao nen dung dung djch co nong 
do Majef dac (100-200 gA), va tien hanh d nhiet do thap (80-85 °C). 

Doi vdi thep hdp kim cao nen dung dung djch co 30-32 gA muoi 
Majef, 10-12 gA BaCl 2 : nhiet do 98-100 °C; thdi gian 40-60 ph . 

Photphat hoa trong dung dich Majef co nhudc diem . thdi gian lau; 
nhiet do cao: khdang nhiet do lam viec hep: khi tiydio thoat ra manh, lam nen 
tham nhieu hydro, cd tinh giam. Neu giam ditdc sil tham hydro se rut ng&n 
difdc thdi gian photphat hoa. 

19.2.2. Photphat hoa nhanh 

Photphat hoa nhanh dude dung kha rong rai trong cong nghiep vi 
khong co nhiing nhudc diem ke tren. Thanh phan dung dich va che do 
photphat hoa nhanh nhu sau : 


Majef 

30-40 gA 

30-40 gA 

Zn(N0 3 ) 2 .6H 2 0 

50-65 gA 

50-70 gA 

NaF 

2-5 g/1 

- 

NaNO :i 

- 

4-5 g/1 

h.po 4 

- 

0,1-1,0 gA 

Nhiet do 

45-65 °C 

92-96 °C 

Thdi gian 

8-15 ph 

8-10 ph 


Trong dung djch photphat hoa nhanh de tang toe qua trinh, giam 
thoat hydro va de o'xy hoa Fe 2 ' thanh Fe 2 ' phai cho vao dung djch chat oxy 
hoa Zn(N0 3 )2 , NaF .... 

Tit dung djch photphat hoa nhanh cho mang titdng doi mong va do 
ben an mon thap. Sau khi photphat hoa xong phai xii ly trong kali bicromat roi 
say kho. Mang dung lam nen de sdn rat tot. De photphat hoa nhanh con dung 
dung dich muoi kem dihydrophotphat co them muoi nitrat de oxy hoa 
Fe !+ thanhFe il .Thiuih phdn mang gom Zn2(P0 4 ) 2 .4H20 va Zn 2 Fe(P0 4 ) 2 .4H 2 0 
Tang axit tu do mang se tdi xop. Tang nhiet do til 70 °C len 98 °C chieu day 
mang tang. 1,4 lan. Thanh phan dung dich va che dp lam viec cua cac dung 
dich kem photphat nhu sau : 

Zn(H 2 PO„) 2 8-12 gA 28-36 gA 

Zn(N0,) 2 .6H 2 0 10-20 g/1 42-58 gA 
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Ba(N0 3 ) 2 30-40 gA 

H 3 PO 4 - 9,5-15 gA 

Nhiet do 75-85 °C 85-95 “C 

Thdi gian 3-10 ph 10-25 ph. 

Mang thu difdc tif cac dung djch nhy co dp chong 4n mon thap, chu 
yen dung lam nen de sdn. 

Photphat hoa nhanh con co the tien hanh bang each phun dung dich 
len be mat kim loai da difdc chuan bj sin. Khi do nen dung dung djch co thanh 
phan sau : Majef 30-60 g/1; Zn(N0 3 ) 2 .6H 2 0 50-70 g/1; NaN0 2 2-4 gA; pH 
2,6-3,2 : nhiet do phong. 

De co cau true mang tot thudng dung dung dich oxalat sau : 


Zn(H 2 P0 4 ) 2 

NaNO a 

Zn(N0 3 ) 2 .6H 2 0 
H 3 P0 4 
ZnC 2 0 4 
Nhiet do 
Thdi gian 


30-35 gA 
50-55 gA 

14- 15 gA 
den bao hoa 
92-98 °C 

15- 30 ph 


45-55 gA 

45-55 gA 
11-17 gA 
den bao hoa 
55-65 °C 
3-10 ph 


Dung cac dung dich nay khong can tay gi be mat va mang co tinh the 

nho min. 

Hien nay nhieu che pham tong hop dung de photphat hoa difdc cac 
hang san xuat, khi cung cap co kem theo chi dSn each dung. 


19.2.3. Photphat hoa nguoi 

Cach nay khong phai dun nong dung dich, nhilng mang thu difdc 
tifdng do'i mong nen chi dung lam nen cho sdn. Photphat hoa nguoi co the 
dung muoi Majef hay muo'i kem dihvdrophotphat (bang 19.1). NaF va 
NaN0 2 la chat hoat hoa qua trinh. 

Photphat hoa nguoi it difpc dung vi dung dich d§ bj thuy phan, do 
axit tu do ldn, mang xop, tinh bao ve thap. Khi tang nhipt do dung dich se 
difdc mang co tinh the nho min. De thu difpc mang co tinh the nho niin tren 
nen thep cacbon, thep hdp kim thap va trung binh da qua mai, danh bong, 
phun cat cung nhif tren cac ldp ma kem va cadimi co the dimg dung dich van 
nang sau day : 


Zn(IIjP0 4 ), 

nh 4 h 2 po 4 
Mg(N0 3 ) 2 
Fe(N0 3 ) 2 .9H 2 0 
H 2 c 2 o 4 


10-15 gA 
10-15 gA 
50-100 gA 
1,7-2,0 gA 
1,7-2,0 gA 


1 
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Dung 


Chat hoat dpng be mat 3-5 gA 

Nhiet dp 75-80 °C 

Thai gian 3-10 ph. 

dich nay cho mang co ti'nh bao ve cao. 


Bang 19.1. Dung dich photphat hoa ngu&i 


Thanh phPn (g/1) dung dich 
va chP dp lam viec 

Dung dich so 

1 

2 

3 

4 

Che pham Sviajef 

25-30 

_ 



Zn(H 2 PO,fe 

- 

60-70 

100 

- 

ZnO 

- 

- 

- 

18-21 

Zn(N0 :i ) 2 ,6H 2 0 

35-40 

80-100 

- 

- 

NaF 

5-10 


6 

- 

h 3 po^ 

- 

- 

- 

80-85 

NaN0 2 

- 


2 

1-2 

Thdi gian, ph 

40 

WSM 

30-40 

15-20 


19.2.4. Photphat hoa den 

Photphat hoa den rat thich hop de che tao cac dung cu quang hoc. Quy 
trinh che tao phai qua hai dung d;ch photphat hoa : dung djch dan tao ra ldp 
phu mau den; dung dich sau co tac dung lap kin cac lo xop va tao ra mang 
photphat thd hai. Mang co mau den rat dpp, chong an mon tot hdn cac mang 
photphat khac. 

Photphat hoa sd bo trong dung dich dau tien hanh mot trong cac dung 
dich sau ; 


Fe 2 (P0 4 ) 3 

23 gA 

- 

Phoithep 

- 

5 gA 

ZnO 

8 gA 

8 gA 

h 3 po 4 

32 gA 

50 gA 

Na 2 CO s 

1 gA 

IgA 

Nhiet do 

90-95 °C 

90-95 °C 

Thdi gian 

5-10 ph 

5-10 ph 

Photphat hoa tiep trong dung dich thti hai c6 thanh phan 

sau ; 

Zn(NO s ) 2 

150 gA 


Che pham Majef 

30 gA 


Na 2 C0 3 

3 gA 


Nhiet do 

50-60 °C 


Thdi gian 

10-15 ph 



15-CNMB 
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19.2.5. Photphat hoa dien hoa 

PhUdng phap nay cho n&ng suat cao. Mang dung lam nen cho scin. 
NhUdc diem cua phitmig phap nay la kha ndng phan bo tha'p nen chieu day 
mang khong deu tren car vat co hinh dang phiic tap. Photphat hoa dien hoa co 
the dung dong mot chieu hay dong xoay chieu. Cac dung d]ch dUOc (Jung trong 
cong nghiep duoc trinh bay trong bang 19.2. 

Dung dich 1 va 2 dung dong mot chieu. Vat gia cong mdc vao thanh 
cactot. Anot cho dung dich 1 bang kem tarn, cho dung djch 2 bang thep tam. 
Dung dich 2 dung d§ gia cong cho thep ben an mon. Dung dich 3 dung dong 
dien ba pha, dien the 15-20 V. Vat gia cong treo ca tren ba thanh cue nhung 
khong duoc cham vao nhau va cham vao thanh b§. 

Bang 19.2. Dung dich photphat hoa dien hoa 


Thanh phan (g/l) dung dich 

va che do lam viec 

Dung djeh so 

1 

2 

3 

Che pham Majef 

60-80 



Zn(NO ? ) 2 

50-100 

- 

- 

ZnO 

3-10 

25-28 

9 

NaF 

2-10 

- 

- 

h 3 po 4 

- 

48-50 

22 

Na 3 PC 4 

- 


25 

hno 3 


26-28 

- 

, A/drn 2 

0,3-0,5 

2-3 

2-3 

Nhiet do, 

15-30 

65-75 

65-75 

Thai glan, ph 

10-15 

5-8 

15-20 


19.3. PHOTPHAT HOA KIM LOA1 MAU 

Kem, cadimi, nhom, mage,... tlnrdng duoc photphat hoa. Dot v6i kem, 
cadimi va nhom mang photphat dung lam nen cho sdn; doi vdi mage dung de 
bao ve: doi vdi titan dung de chong va dap va mai mon. 

De photphat hoa kem va cadimi co the dung dung dich van nang nhu 
doi vdi kim loai den. De photphat hoa nhom dung dung dich axit H ( PO^ co 
chtia CrO ;( va HF hay NaF ( bang 19.3) cho mang co mau xanh ditdng hdi luc. 
Mang co thanh phan 50-55% CrP0 4 , 17-23% A1P0 4 ,22-23% H- 2 0. Mang vo 
dinh hinh, nhdn, day khoang 3 pm, khong ben. Photphat hoa xong rUa lanh, 
say kho d nhiet do dudi 60 °C , khi do mang trd nen ben chdc, khong bi hong 
khi co \at hoac ngam trong nude nong. Mang ben den nhiet do 300 "C. Neu 
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di*?c Xii ly trong dung dich K 2 Cr 2 0 7 cf 75-80 “C qua 10 ph thi dp ben an mon 
se tang len rat nhieu. 

Bang 19.3 Dung dich photphat hoa nhom va hap kim nhom 


Thanh phSri (g/1) dung dich 

Dung dich so 

va che d6 lam viec 

1 

2 

3 

H3PO4 

50-60 

40-50 

40-60 

Cr0 3 

7-8 

4-7 

5-10 

HF 40% 

4-5 ml/1 

. 


NaF 

- 

5-7 

3-5 

Nhiet do, °C 

15-30 

5 30 

15-30 

Thai gian, ph 

5-20 

5-20 

5-20 


Photphat hoa mage va hdp kim cua no ditdc tien hanh trong cac dung dich ke d 
bang 19.4. 

Bang 19.4. Dung dich photphat hoa mage vd hap kim mage 


Thanh ph5n (g/T) dung dich 
va che do lam viec 


Dung dich so 

1 

2 

3 

_ 


40-70 

27-32 

- 


0,2-0,3 

- 

12 

- 

22 

- 

- 

15 

- 


15 

5-10 

96-98 

75-85 

95-98 

30-40 

5 

20-30 


3a(H 2 P0 4 ) 2 
Che pham majef 
NaF 

Zn(N0 3 ) 2 

Zn(BF 4 ) 2 

h 3 po 4 

Nhiet do , °C 
Thdi gian. ph 


Dung dich 1 tao ra tren hdp kim mage ldp mang goin chu yeu la 
mangan photphat . Dung dich 2 cho mang chu yeu la mage photphat. Dung 
dich 3 cho mang gom cac muoi kho tan va bari florua va mage florua. 

Ken va hdp kim ken photphat hoa trong dung dich sau : 


H :i P0 4 

15 g/l 

NaF 

13 g/1 

Zn(N0 3 ) 2 

200 g/1 

pH 

2,0 

Nhiet do 

25-35 "C 

Thdi gian 

35-45 ph 
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Cung co the photphat hoa cho 16p ma ken md tit dung djch nay (ldp ma 
bong khong photphat hoa). 

Titan va h<?p kim cua n6 du</c photphat hoa trong dung djch gom 10- 
100 g/1 H 3 P0 4 va 10-100 g/1 KF, NaF hay NH 4 F ; nhiet dp 98-99 °C, thdi gian 
10-30 ph. 

19.4. NANG GAO TINH BAO V$ CHO MANG PHOTPHAT 

Mang photphat thudng xop va bao v$ kem. De nang cao tinh bao vp 
cho n6 c4n thy d$ng mang bang mpt trong cac dung djch sau : 

1/ Na 2 Cr 2 0 7 hoSLc K 2 Cr 2 0 7 80-100 g/1 , nhi§t dp 70-80 °Q thdi gian 

10-20 ph. Rita, say kho. Tdm dau nong hoac che phdm nao do. 

21 Na 2 Cr 2 0 7 hoac K 2 Cr 2 0 7 3-5 g/1, nhiet dp 70-80 °C, thdi gian 1-3 ph. 
Khong rufa ma say kho ngay. Sau do tam trong dau nong hay che pham dhc 
biet nao do. 

Neu vat photphat hoa xong se phai trai qua bien dang nguoi thi sau 
khi riia cdn iuoc trong nude xa phong 70-100 g/1 d 60-70 “C trong 3-5 ph. 
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Chxfcfng 20 

SON BIEN Dl 


Sdn la phtidng phap chong an mon dtipc dung rat rpng rai va rat da 
dang ve man sac cung nhti ve can tao; co the sdn cho moi vat dung tti nho be, 
ddn gian den cac cong trinh to ldn, phtic tap nhat. Mang sdn la mang polyme 
co chda cac chat mau (pigment), phu gia rhn vk chat tic che. Cac phtidng phap 
son pho bien nhat la quet, phun, ldn. Neu nen de sdn la kim loai ddn dipn thi 
co the dung phtidng phap sdn dipn di. Hipn nay hau het cac thung xe oto deu 
dtidc sdn lot bting phtidng phap dien di. 

20.1. NGUYfcN TAC CUA PHlTONG PHAP SON DI$N DI 

Moi trtidng cua qua trinh sdn dien di la ntidc, doi khi c6 cho them mot 
it dung moi htiu cd. Vat lieu sdn gom co cac hpp phan : 

1- mot polyme co nhom axit hay bazd tan dupe trong ntidc thanh cac 
mixen neu cho them vao moi trtidng mot bazd hay axit ttidng ting; 

2- mot so chat ran vo cd nhti dong cromat, titan dioxyt hay muoi den; 

3- m^t pigment htiu cd de dtipc mau she mong muon. 


Bang 20.1. Cac phan ting a cay ra khi son dien di 


PhSc cut cho vfit 
cSn son 

Anot (+) 

Catot (-) 

BiSn d6i cua 
polyme trong mdi 
truing 
(bl son) 

OH O" 

1 1 

R-C + KOH -*R-C + K* + H 2 0 

II II 

o o 

khdng tan tan 

R R 

1 1 

R-N: + RCOOH-t R-N*-H + RCOO" 

1 1 

R R 

khdng tan tan 

Phfin tmg 
diSn cut 

1/2 H 2 0 -» H* + 1/40 2 + e 

HjO + « -> 1/2 H 2 + OH - 

Mang son duac 
iSng kAt 

OH 

1 

R-C khdng tan 

II 

O 

R 

1 

R-N: khdng tan 

1 

R 
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Be son co den 10% la cac chat ran. Khi ap mot dien the vao 2 dien cite 
thi scfn se bam len mot trong hai dien cite ay tuy theo dien tich cua polyme. 
Bam len anot goi la ldp scfn dien di anot (van tat la scfn anot)', neu bam len 
catot goi la ldp scfn dien di catot (van tat la scfn catot). Dien bien xay ra trong 
qua trinh son dien di dUOc mo ta d bang 20.1 va giai thich nhit sau : 

1- Cac mixen tich dipn di chuyen ve dien cite trai dau; 

2- Trung hoa dien tich tai dien cite. 

Qua trinh chinh trong scfn anot la : giai phong oxy tren anot va de lai 
H ; cac mLxen ket hop vdi H' roi lang ket thanh ldp son ditdi dang axit cua n6. 
Ngoai ra con cac qua trinh phu : an mon nen sit, trung hoa cac mixen ,... 

Qua trinh chinh trong scfn catot la : giai phong hydro tren catot va de 
lai OH'; cac mixen ket hop vdi OH ' roi ling ket thanh ldp son ditdi dang cac 
amin polvme trung hoa. 

3- Lang ket cac polyme trung hoa cung vdi cac chat ran vo co va cac 
chat mini hiiu cO. 

4- Kbit mfdc cho ldp polyme bang phuong phap dien tham (dung mot 
dien trifdng rat inanh ap len ldp khong din dien). 

San pham cua qua trinh son dien di la mQt ldp son bam rat chic len 
kim loai, co chifa tren 90% cac chat rln ngay sau khi ra khoi be sdn. Kha nlng 
phan bo rat tot, vi ldp son khong din dien nen cho nao chita dUOc phu kin, son 
se ling ket tai do: can phai dung dien ap cao de bit ldp polyme dip day den 
mite can thiet. 

20.2. NCJUYfiN TAC SON LOT f)I$N DI TRONG CONG NGHI$P QTO 

Son lot dien di cho cac xe cd dpng cfl dUOc gidi thipu vlo nlm 1963, chi 
vai nam sau cac nguyen ly ve son dien di da ditoc xac lip. Den nay quy trinh 
cong ngh$ nly da difpc ling dung rat rpng rai, den noi hau het cac thing xe 
oto, cac san phlm Idn,... deu duoc gia cong theo each nly. 

Thoat dau san dien di anot dUOc trien khai tritde. Mpt so' loai son 
tieu bieu cho each nay co thanh phln gom : 1) cac axit polycacboxylic tren cO 
so axit acrylic, do la mpt monome hoa tan dupe trong amin hdu cd ; 2) cac 
alkyt (titc cac polyeste nhanh) tren cd sd cac axit cacboxylic rnach dai va cac 
polyalcol tu nhien nhu glycerin; vi 3) nhita epoxy tren cd sd phenol 
(QH 4 OH) 2 (CH 2 ).( vi etylenclorohydrin C1CH 2 -CH 2 0H . Hai chat nay hoa 
tan trong moi tritong KOH. Quy trinh son anot cho ket qua rl't tot, nhung lpi 
gay in mon kim lopi nen. 

Cac sit co' thudng glp khi dung cong ngh$ son dipn di anot: 
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1- Gin bam kdm, An mon loet, bong. Do lip photphat bi bong, vd; 

2- Gin bam kem, An mon deu. Do nguyen lipo sdn bj xa phong hoa; 

3- Bao ve kem tai cac phan be mat thep khong dude phu kin nhu trong 
long hpp, cac khe khuat,... gay an mon diem, an mon 16 va an mon can true 
kim loai. 

Sdn lot dien di catot to ra hdn han cac loai sdn lot khac, dac biet la 
khi cluing co chieu day rat mong. Cac uu diem noi bat cua no so vdi he sdn lot 
anot la : 

1- Kha nang phan bo' dupe cai thien hon nhieu, ldp son day deu ngay 
luc con rat mong: 

2- Tlnh on dinh cua son cao hon; 

3- Nen khong bi hoa tan, hu hai gi khi dung cong nghe sdn lot dipn di 

catot, 

Gia thanh cua sdn catot hdi dit, nhUng do co nhieu itu dilm nen td 
giila cac nam 1970 ty le irng dung philong phap nay tang len ro ret, den nay 
hau het cong nghe sdn lot deu dung phifdng phap sdn dien di catot. 

Cac Uu diern chinh cua setn dien di co the tom tit nhU sau : 

1- Son dung nude lam dung moi, khong doc, khong bit Ida. Hon nuta 
nong do cac chat ran tUOng doi thap va do ban chat cong nghe sdn (son nhung 
tit be chila, khong phun) nen giam thieu dUOc cac nguon gay doc hai; 

2- Kha nang phan bo rat tot va de dang thu dildc ldp phu hoan hao 
tren cac bi mat phtic tap nhat nlnf cac 16 sau hay trong long o'ng; 

3- Rat phu hop vdi cong nghe che tao oto. 

Mat khac no cung co cac han che nhu : chi sdn dUdc cho cac be mat dan 
dien: chi son ditdc mot ldp ddn doc; man sic khong phong phu bing each sdn 
truyen thoiig; tap chat va dien kien dipn phan anh httdng nhieu den qua trinh 
sdn dipn di. Do do can ting dung phudng phap sieu loc de loai bo cac chat rill, 
cac hat nho co hpi va d§ giti do din dien cua dung djeh sdn d mtic tUdng doi 
thap. 

20.3. TONG NGHft SON LOT DlfiN DI 

Cong nghg sdn dipn di cd hai lpi diem : do kha nAng phan bo' cao nen 
khong can be dien phan co hinh thu phtic tap; va do dipn tich thap nen nAng 
ludng tieu thu cho khau sdn thap hdn nhieu so vdi cac khau khac cua toin bp 
quy trinh. Nhd vay nhieu quy trinh sdn anot da dting be co hinh chti nhpt ddn 
gian va dting luon vo thting lim catot. 
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Hinh 20.1. Sc <J6 nguySn tic sdn dien di catot 


Quy trinh son catot hipn dai hdn va co xu hucfng dung nhieu ky thuait 
tinh vi, phtic tap hdn. Anot bang grafit, thep hay thep khong gi dat trong mpt 
hop anot co mang trao doi ion (hinh 20.1). Ca qua trinh catot va anot deu 
lam loang polyme vi sdn da ket tua va do do can phai lay bdt nude di. Dieu 
nay co the thuc hien dUdc bang each ling dung sieu loc lien tuc (nen de dp nude 
di qua mang trao doi). Cac nha may oto thudng trang bj tu dong hoa toan bo 
khau sdn lot cho thung xe. Cac thung xe dude chuydn dpng tU til qua be sdn va 
dUdc dpt mot dien ap thich hdp giUa no vh thanh be. Thudng dien ap tu" 200- 
300 V va mpt dp dong luc dau la 7 A/dm", nhUng chi vai giay sau da tpt xuong 
c3 0,5 A/dm 2 . Thdi gian sdn 2-5 ph.ch.ieu day ldp .sdn 15-25 pm. C6 nhieu cong 
nghp khac nhau nhUng cd ban nh&'t vin la sdn nhung, doi khi c6 phun bo 
sung. 

Giong nhu cong ngh$ mp dipn, bude di$n phin trong sdn di^n di chi 
la mpt khau trong tohn bp quy trinh gia cong bao vp be mpt. VI dp, ph&n th6p 
trong thung xe c6 the dupe xii ly theo quy tiinh g6m c4c kh&u chinh sau : 

1- Tay dau m3, lam sach, say kho trong 16; 

2- Photphat h6a bang each phun dung dich kem photphat, sa'y; 

3- Sdn dipn di, sau d6 xii ly d nhipt dp tha'p; 

4- Sdn phun 13p ngoai va xii ly trong 16. 
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Chtfc/ng 21 

LAM SACH Nl/CJC THAI 


Xudng ma sii dung rat nhieu nude de rua vat gia cong trong qua trinh 
san xuat, binh thUdng cin den 2 m 3 cho 1 m 2 san pham. Vi vay khoi luqng 
nude thai can xu ly se rat Idn, gay nhieu ton kem. De giam nhe cho khau nay, 
mot m^t phai tim each giam khoi ludng nude thai, nhung mat khac phai dam 
bao nang cao chat lu^ng rua hdn nua. Muon vay c&n phai hien dai hoa h§ 
thong rua, Ung dung cac phudng phap tien tien lam sach nude thai de dung lai 
mgt phan cho xudng ma, ap dung cac he rua hqp ly cd chi so kinh te-ky thuat 
cao, nude dd rua phai co chat ludng cao va cd phuctng ti£n kiem tra, khong 
che chit che ve phhm chat va djnh mtic tieu thu nude; dong thdi phai nang cao 
tinh van hoa trong san xuat, tuan thu dung cac quy djnh doi vdi he thong 
rUa,... Theo hudng nay nhieu nha may da ha dUdc mUc tieu thu nude xudng 
con 0,2-0,4 m 3 / m 2 , hien ngUdi ta dang phaii dau giam tiep den 0,12 m 3 / m z . 

Sd do (hinh 21,1) dudi day cho thay quan hp chat che gida chat luqng 
nude riia, each rUa, cong ngh§ ma, rda,... vdi lUdng nude thai ra va phUdng 
phap can chon de xh ly loai nude thai do: 



Hinh 21.1. NiASc rtia, c6ng nghS riia va nuttc thai trong ma di6n 
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Nude tit xitdng ma thai ra co thanh phan rat da dang, nong do lai thay 
doi rat rong, pH cung bien dong ludn tit axit den trung tinh hoac kiem. Tny 
nhien nitdc thai tit xitdng ma thitdng dude phan rieng thanh ba loai: nude thai 
kiem-axit; nude thai crom va nude thai xyanua. 

Sd di phai tach rieng ra nhit vay vi : mot la nude thai xyanna gap nitdc 
thai axit hay nude thai crom (cung co lan axit) se sinh ra khi HCN rat doc, lam 
o nhiem ca xitdng ma ldn bo phan xit ly nitdc tiep theo do, Hai la nitdc thai 
crom dhc xtr ly de dang va triet de hdn vi vay khong nen pha loang chung bllng 
nitdc thai axit hay nude thai khac. 

Ngoai ra xitdng ma cung co luc can thai bo cac dung djeh cu, hong. 
Trifdng hdp nay khong nen thai chung ngay ra cong ranh ma dung chung nhu 
la mot hoa chat cho tram xu ly nitdc thai cua xitdng hoSc to chitc thu hoi 
nhitng hoa chat chinh trifdc khi thai bo, nhit vay vita tan dung dupe vat tU vita 
de cho khau xd ly nude thai. 

Trong nitdc thai crom ngoai Cr ’ + con co Fe 2+ , Cu 2t , Ni 2f , Zn 2+ ,... H 2 S0 4 , 
HC1, HNOj, tap chat cd hoc,... Nong do tong cac tap chat dao dong trong vong 
30 - 300 mg/1, pH tit 7 den 1. 

Nitdc thai xyanua ngoai CN~tU do con co phiic xyanua kem.cadimi, 
d6ng,...mu6x, miin, chat bong, chat hiiu cd. Nong do xyanua gom ca dang tU do 
va lien ket. dao dong tit 5 den 300 mg/1, nong do tong cac kim loai:30-70 mg/1: 
P H > 7 va chifa mot it tap chat cd hoc. 

Nitdc thai kiem-axit chda cac loai axit nhit H 2 S0 4 , HC1, HNO :( , HF. 

kiem nhu NaOH, Na 2 COn,..., cac kim loai Fe 2 \ Fe 3+ , Cu 2 ‘, Ni 2 ', Zn 2 ', Cd 2 ',... 
va cac loai muoi cua chung. pH dao dpng td 1 den 8-10. 

Ngoai ra trong nude thai thudng con chtia ca dau md, chat huyen phii, 
dat cat, gi sat,... Dung djeh ngitng t if cac h$ thdng gio co nong dp cd vai gam 
trong mot lit cung dupe don v&o nude thai. 

Vay nude thai xitdng ma gom du loai thanh phan, con nong dp lai bien 
dpng trong mpt dai kha rong. Do do dfe xit ly nd phai dung nhieu phUdng phap 
khac nhau, phu hpp vdi tifng loai nude thai va nong do tap chat chtta trong 
no. Pho bien nhat la phUdng phap dung hoa chat, roi den phUdng phap trao 
doi ion, phUdng phap chifng cSft, di$n thdm tich ,... Chpn phifdng phap nao la 
tuy d chi tieu kinh te-ky thuat cho phdp, dieu kien moi tritdng dja phifdng yen 
cau, nong do nitdc thai, nitdc xu ly vdi muc dich dung lai cho san xuat cua 
xitdng hay de thai ra moi trudng ,... Chpn phUdng phap nao cung phai dam 
bao nude thai cd nong dp cac chat 6 nhiem bang hay thap hdn gidi han cho 
phep trong tieu chudn nhd nitdc TCVN 5945-1995. 

Sau day xin gidi thieu mpt so' phifdng phap hay dung. 
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PhUdng phap dung hoa chat de khd doc cho nude thai la dUa tren cac 
phan ting oxy hoa - khit, phan ting trung hoa, phan ting keo tu, ket tua ltim 
cho cac chat doc hai bi phan huy, bien thanh cac chat it doc hay khong doc va 
tach khoi nude thai. Tuy Itidng ntidc thai nhieu hay it ma to ehtic xti ly ngay 
tai cho hay chung cho ca xiidng hoac ca nha may, cung nhti chon thiet bj lam 
viec tuan hoan lien tuc hay lam vide gian doan. Phildng phap hoa hoc nay to ra 
kha ifti viet khi nong do tap chat chinh trong nude thai tUdng doi ldn : til 50-70 
den 200-1000 mg/1. No co kha nang khti het cac chat doc hai phtic tap nhat, it 
nhay vdi tap chat htiu cd, dau m3, tap cd hoc nhung nude sau xti ly khong 
dung lai ngay dude (muon dung phai qua mot lan xti ly khac nfla). 


Dung djeh kiem.axit cu, hong 



Hinh 21.2 So d6 edng nghS l£m each nude thai b&ng h6a chS't: 

1-b^ khur d6c cho nU6c thSi xyanua. 2- chifa dung dich xyanua hong, 3- tram efin dong chSt oxy h6a; 4- 
chila dung dich crom hdng; !> tram c§n dong chfl't khU, 6- c£p axit mfli; 7- chda dung dich axit thai; 8- 
chita dung dich ki&n thii; 9- c£p vdi hay kiSm mdi; 10- b4 l&m sach nude thSi crom; 11-b£ l£m sach 
nude th£i kiSm-axit; 12-linggan; 13-tram lam sach thSm; 14- may 6p bun; 15- tram khd nude 
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Hinh 21.2 trinh bay sd do nguybn (Ac c6ng nghp lam sach nude thai 
cua xifdng ma theo phudng phap hoa hoc. 


21.1. lAM SACH NUtiC THAI XYANUA BANG PHlTONG PHAP HOA HOC 

Nguyen the : oxy hoa xyanua tu do vh phde cua no thanh hpp chat ft 
doe hdn . xyanat hoac khf nitd va cacbonic . Vf du, oxy hoa bhng natri 
hypoclorit, cac phan ilng sau se xay ra : 

NaCN + NaOCI = NaCNO + NaCI 
NaCNO + H 2 0 = NaHC0 3 + NH 3 t 

2NaCNO + 3NaOCl + H 2 0 = 2C0 2 T + N 2 1 + 2NaOH + 3NaCl. 

Cac chat oxy hoa thudng dung trong cbng nghipp: clo khf hohe long, 
hdp chat clo (voi clorua, cac hypoclorit), ozon, kali permanganat, sht sunfat,... 
Pho bien nhat la voi clorua va cac hypoclorit. Dieu kipn tien hanh oxy hoa cac 
xyanua phu thuoc vao : loai chat oxy hoa set dung, nong do xyanua tu do vh 
phde chat, pH . 

[CN " ] ,mg/l 



NaCIO (thso clo hoal tlnh) 

Hinh 21.3. Luting hypoclorit Na phu thuOc n<5ng <50 xyanua 

a) Oxy hoa xyanua bang clo vet bang hop chd't chvta clo phai tihn hhnh 
trong phpm vi pH tet 8,5 - 10 (den 11-12, thy lopi chh't oxy h6a). Khi phan ting 
xay ra lam cho pH thng nhe vh toe dp phan ting cham lai (do the oxy h6a cua 
clo giam di), nen phai khong che pH lubn trong pham vi tren. Neu pH <8,5 se 
sinh ra clo-xyan va HCN rat manh, gay doc hai. Neu pH > 10 toe dp oxy h6a 
rat cham nen ton nhieu chat oxy hoa ma sau do lai phai khu clo du. Tuy pH 
moi trifdng va nong dp chat oxy hoa ma xyanua co the bj oxy hoa thanh 
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xyanat hay thanh khi cacbonic va nitd. Trong moi trucfng axit cac xyanua bi 
thuy phan ale khac, nhung khi pH > 12 chung hoan toan khong bi thuy phan 


Lieu ludng chat oxy h6a quyet djnh mUc dp sach cua nude sau xd ly 
nhung heu lupng nay khong co djnh ma php thu^c vao n6ng dp xyanua va 
dang ton tm cua chung trong nude thai, v4o pH va dp bien dpng pH trong qua 
nnhxu ly. Nong dp xyanua cang loang cang ton nhie'u chat oxy hoa (khong 
theo hp so ty lupng cua phan Ung), co nhu vay mdi oxy hoa tript de xyanua 
dupe. Quan he nay co the hieu thong qua Vi du, trinh bay b hinh 21.3. 

, „ Sd ^ c6n f thigt s ^ ch m< 6c thai xyanua dupe trinh bay b 

hmh 21.4. Co the van hanh tu dpng, lien tpc hay gian doan, thu cong. Trdn 
nude thai vdi chat phan Ung hay dung djeh thai bo bang khuay cd, may trdn 
. khong dupe dung khong khi nen de khuay. 

Oxy hoa nude thai xyanua bang ozon, KMn0 4 , FeS0 4 co nhie'u uu diem 
ve mat cong nghe hdn dung clo vi chung khong sinh ra cac hdp chat trung gian 



Hinh PI .4 ThiSt bi lam sach ml&c thai theo chu ky, co he to d6r>g cSn do va dieu chinh 
l^Z;t!!Z V * CmPMn<tn9: *-*«"■"*"*« ^ ^^ukhi^ntUdpng; 4-dungcgdo; 
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b) Oxy hoa midc thai xyanua bang ozon thich hpp cho trUdng hpp can 
xd ly khoi lUdng nUdc thai ldn va trong no co chda cac cation dong, ken,..., neu 
ditdc lam sach them co the dung lai mfdc vao san xuat cua xudng. TJu diem ldn 
nhat cua phUdng phap dung ozon la giam dupe tong lupng muo'i trong nUdc xd 
ly do phan huy dupe cac xyanua va duoi dupe het oxy, nitd va mpt phan axit 
cacbonic. Sau khi tach cac hydroxyt kim loai nang bang each lang gan, co the 
lam sach them nUdc xd ly de dung lai bang phUdng phap trao doi ion hay dien 
tham tich,... 



Hinh 21.5. Sc do cong nghe lam sach ni/cic thai xyanua lien tuc: 

1- be gom nude thai; 2- be chiVa kiem; 3- ban dieu khien, 4- be chto axit; 5- thiet bi phan i3hg; 6- may 
tron; 7- bom 


c) Khd doc nude thai bang KMn0 4 rat thich help cho tracing help can 
nang suat nho vi trang thiet bi va van hanh ddn gian. NhUng dat do gia 
KMn0 4 cao. Sd do thiet bi cong nghe tUdng tit nhit trinh bay trong cac hinh 
21.4 va 21.5. 

d) Khi thiet ke va thi cong tram xd ly nude thai xyanua can lUu y : 

- The tich be gom nitdc thai cho trifdng hdp van hanh lien tuc phai du 
chda trong 2-4 h. Dung djeh kiem thai, nude thai kiem, nude ngirng kiem tinh 
td cac quat hut deu dan ve be gom nay. Be gom bang betong cot thep phai 
etude lot bang vat lieu chong an mon (polyizobutylen, nhda epoxy co cot bang 
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vai thuy unh). Khuay bang canh khuay cc( hay cho chay qua nhieu vach ngan 
so le. C4n trang bj. thiet bj tu dong do pH va dieu chinh ludng kiem can thiet. 

- Thiet bj phan dng phai co canh khuay cd va cac vach ngan nhim 
dam bao cho nude xU ly lUu lai d giai doan 1 (oxy hoa) la 15 ph va & giai doan 2 
(sail oxy hoa) la 15-20 ph. Mat trong cua be phan dng phai co ldp cho'ng an 
mdn. 

21.2. LAM SACH Nl/()C THAI XYANUA bAnG PHLTONG PHAPBI$N HOA 

Phudng phap nay de dang lam sach nude thai chda nhieu xyanua td 
cac be rda ngifdc chieu, nhieu bac, hoac cac dung djch xyanua hong, can huy 
bo, co nong do xyanua khong dUdi 500-600 mg/1. Khi xii ly se sinh ra ion NH 4 + , 
xyanat, Na 2 CO. j( ure . Tren catot thudng co cac kim loaii (co trong nude thai) 
thoat ra . Anot co the bang grafit, manhetit, thep khong gi. Dung hai loai 
sau, nude xu ly xong co lan them sat do chung tan ra. 

Nude thai chUa nhieu xyanua nen cho them NaCl hoac NaOH vao roi 
mdi dien phan vi khi do tai anot ngoai oxy con sinh ra ion hypoclorit CIO lam 
tang them tae dung oxy hoa, nang cao hieu qua lam sach nude va tiet kiem 
dttdc dien nang tieu thu. De oxy hoa lg xyanua can tu 0,4 den 2 kWh. 
Khoang each gida anot va catot la 30-50 mm. Mat do dong dien 1-2 A/dm 2 . 
Muoi NaCl 3-6 g/1. 

Co the dien phan che tao NaCIO tit nitdc muoi roi dung no nhu mot 
hoa chat va can dong diing lieu luong de xu ly nude thai, do cung dUdc xem la 
phuong phap dien hoa xu ly nude thai. Cach nay Uu diem hdn each dien phan 
true tiep vi no cd the xu ly dUdc nitdc thai chda nhieu hoac it xyanua deu tot. 
Thiet bi che tao NaCIO kha ddn gian, khong can nhieu von, co the tan dung 
thiet bi co san va ldp dat ngay tai tram xu ly nitdc. Thiet bj can co dung tich 
du Idn de che ditdc 1 - 5 kg clo hoat tinh. Cd 1 kg clo hoat tinh can den 8-10 
kWh dien nang va 5-7 kg muoi an. 

Sau khi oxy hoa xyanua can phai tach kim loai nang trong nude thai. 
Kliau nay dude tien hanh dong thdi vdi viec lam sach nitdc thai kiem-axit 
chung cua xudng hay nha may. 

21.3. LAM SACH Nl/CfC THAI CHL(A Cr H * 

Tach Cr" khoi nude thai bhng hoa cHat gom hai giai doan : 

- Khu Cr 11 ' den Cr 3+ ; 

- Kiem hoa nitdc thai de ket tua Cr 3+ (va kim loai nang) d dang 

hydroxyt. 


239 



Chat khii c6 the dung natri sunfit, natri bisunfit, natri hydrosunfit vi 
pyrosunfit, sit (II) sunfat, khi S0 2 , phoi thep .... Vi du, : 

- Dung bisunfit: Cr 2 0 7 2 + 3HS<V + 5H + = 2Cr 3+ + 3S0 4 2 + 4 H 2 0 ; 

- Dung sunfit: Cr 2 O v 2 + 3S0 3 2 ' + 8 H + = 2Cr 3+ + 3S0 4 2 ' + 4 H 2 0 ; 

- Dung FeS0 4 , moi trUcfng axit: 

H 2 Cr 2 0 7 + 6FeS0 4 + 6H 2 S0 4 = Cr 2 (S0 4 ) 3 + 3Fe 2 (S0 4 ) 3 + 7 H 2 0 ; 

- Dung FeS0 4 , moi trudng kiem : 

Na 2 CrQ 4 +3FeS0 4 +4NaOH +4H 2 0 = Cr(OH) 3 1 + 3Fe(OH) a 1 + 3Na 2 S0 4 . 
Dung chat khii c6 chUa ion S0 3 2 phai tien hhnh trong moi trudng axit 
co pH 2,5 - 3,5. Trong qua trinh khd-se sinh ra Cr 2 (S0 4 ) 3 , Na 2 S0 4 , H 2 0 va 
lam ting pH len, nen toe do phan Ung ch|m din lai, neu de pH >3,5-4 phan 
ttng khi) Cr 6+ se bi ngitng lai, cho du co cho du chat khu den may di nUa. 



Hinh2t.6 Thay ddi lifOng (lieu) cheft khCfthao n6ng do Cr 6 * va pH luc d^u I 


Nong do Cr 6+ trong nude thai co y nghia rat quan trong. Khi nong dp 
Cr 6+ thap qua lUdng ti§u ton chit khii se tang len rat nhihu so vdi khi ndng dp 
Cr 6+ ldn. pH cang cao lupng tieu ton chat khii cung se cang cao. Hinh 21.6 cho 
thay lieu lupng chat khii phu thuoc nong do Cr 6+ va pH ban dau cua mfPc thai. 

Khd bing FeS0 4 thi moi trudng co the la kiem hoac axit. Tot nhat li 
khii d moi trudng kiem, vi giam dupe lupng kiem cho phan Ung xuong hai lan 
nen dd ton xiit va voi hdn. Nen tan dung dung djeh kiem hong, dung djeh 
kiem tay dau md, nude thai kiem tinh ,... de’ kiem hoa nude can xd ly. 

Neu the tich nude thai can xii ]y nho nen dung phoi kim loai de khii : 
thiet bi ddn gian, kim loai ton khong bao nhieu. Lupng sit hoa tan phu thupc 
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vao nong dp Cr 6+ , v4o pH moi trubng (chi nen duy tri pH dudi 2 - 2,5) . Khi 
ngirng xu ly nude, dung H 2 SO 4 5 - 15% de 14m speh phoi thep. 

Nude sau khi loai bo het crom dupe hoa chung vdi nude thai kiem-axit 
d§ lam sach tiep . 

Thiet bj lam sach nude thai crom can c 6 ldp chong 4n mon; phoi thdp 
phai dupe thy sach dau md trUde khi dung. Khi loc nude thai qua ldp phoi 
thep, Cr b+ dupe khti thanh Cr 3+ . 

Lam sach Cr b+ cung co the tien hanh blLng phudng phap dipn keo tu vdi 
anot thep hoa tan. Trong phudng phap dien hoa lam sach nude thai crom phai 
cho ion Cl" v4o de khic phpc hien tupng thu dong anot va catot. Qua trinh lam 
sach co thoat ra khi hydro va oxy lam cho hydroxyt sinh ra d dang tdi xop va 
noi len. Crom hydroxyt va sit hydroxyt dupe loc ly tarn hay loc chan khong de 
tach ra. Phudng phap khu dipn hoa Cr b+ cho phep 14m sach nude thai co nong 
dp bat kj, nhung sau khi khu nong dp sit trong nd t4ng l§n. 

Cr 3+ dupe tach khoi nude thai dudi dang ket tua hydroxyt bing each 
kiem hoa nude thai den pH 8,5 - 8 , 8 . 

Sd d 6 cong nghe 14m sach nude thai crom bing hoa chat khong khac gi 
vdi sd do cong nghe v4 thiet b) 14m sach nude thai xyanua. Co ching 14 dung 
hoa chat v4 thdi gian phan Ung khac m4 thdi. Cin chu y khong dupe de lin 
nude thai chda Cr 3+ vdi chat oxy hoa , nhat 14 clo hoait tinh, vi khi do Cr 3 " se 
de dang bj oxy hoa thinh Cr°' trd lai. 

De 14m sach nude thai crom co the dung thiet bj lam vipc gian doan, 
theo chu ky, nhung sau moi lan tien h4nh xong moi phan Ung (khU v4 tao 
thanh hydroxyt) nhat thiet phai duoi that het khong khi nim trong vang noi 
va trong hydroxyt. 

21.4. lAm SACH Nirdc THAI KlpM-AXIT 

Nguyen tic 14m sach nude thai kiem-axit 14 trung hoa no den pH 8,5 - 
9 de ket tua cac kim loai co trong nude thai. Vide trung hoa ni/dc thai kiem- 
axit co the tien hanh tu dpng bing each hoa trpn cac dong nude thai cua 
xudng, v4 bo sung them cac nude thai xyanua, nude thai crom da qua xii ly 
(nhu da trinh b4y d tren). Sau do ling gan de tach cac kim loai. Neu ling gan 
ddn gian se khong the tach hoan to4n cac kim loai kem, ken va ding vi trong 
nude sau xif ly van con mpt lupng tudng Ung vdi dp hoa tan cua chung. Muon 
loai bo chung tript de hefn, sau khi ling gan can gia cong nude them bing hoa 
chat roi loc tren cac may loc ccf, trong do co cho them bpt antraxit, keramzit, 
sunfocacbon .... Nude ttf may loc ra, dac bipt 14 loc c 6 cho them sunfocacbon, co 
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thd difa phan ldn chiing vao he thong cap dan nUdc de dung lai, hay dan toan 
bo den ndi nao can dung nude co chat lupng khong cao lhm. 

PhUdng phdp lam sach nUcic bang hoa chat co Uu diem ldn la khik difdc 
doc hai cho nUdc thai nhifng khong thu hoi dupe cac chat co ich dl dung lai 
nhu cac kim loai, cac axit, kiem, h6a chat xif ly.... 

Phifdng phap trao doi ion, dipn tham tich, sieu loc, co dac,... cho phep 
vita khif doc vita thn hoi difdc nude sach va cac chat co ich de dung lai; rat 
thich hdp cho cac vung hiein nifdc, dong thdi da tao ra phifdng phap san xuat 
hien dai khong co phe thai. 

21.5. LAM SACH NCti C BANG PHlTONG PHAP TRAO o6l ION 

Nguyen the la cho nifdc thai loc lan lifdt qua hai cot cationit va anionit, 
cac cation tap chat se difqc gifl lai d cot dau, cac anion tap chat se difdc gid lai d 
cot cuo’i, nifdc trd nen rat sach, hoan toan difdc phep dung lai. Sau mot thdi 
gian lam viec cac cot ionit dUdc tai sinh : cationit difdc loc rifa rieng bllng 
H 2 S0 4 hay HC1 3-10%; anionit dude loc rda rieng b^ng NaOH hay Na 2 C0 3 . 
Nude rifa cationit chifa cac loai cation va axit dif difdc difa di thu hoi va dung 
vao viec khac; cationit difdc tai sinh vh bht dau chu ky lam vi|c mdi. Nifdc rifa 
anionit cung dien ra tifdng til nhif vay. Cach nay tien Idi, dl sif dung, nhieu 
ndi dang dung, nhat la cac xudng co nhng suat nho va vifa. Sd do nguyen the 
cong nghe lam sach nifdc thai bftng phifdng phap trao doi ion difdc trinh bay d 
hinh 21.7. 

Neu nifdc thai chi co mot loai cation tap chat, qua trao doi ion se tach 
rieng difdc cation do nen co thl co ddc de dung lai ngay cho be tifdng ifng cua 
xifdng ay. Neu nifdc thai hon hdp thi dung djeh tai sinh se chifa nhieu loai 
cation, muon sif dung phai tach rieng ra. 

Cac dieu kien ky thuat can tuan thu khi dung phifdng phap trao doi 

ion la : 

- Trifdc tien nifdc thai phai loc sach cac tap chat cd hoc, hap phu het 
dhu md, chat hutu cd va nhiing chat lam ngo doc nhifa ionit rdi mdi difa vao de 
trao doi ion; 

- Tong lifdng muo'i tap trong nude thai can xif ly khong difdc vifdt qua 
1-2 g/1. Vay nen rifa thu hoi trifdc de giam bdt nong do hoa chat trong nifdc rifa 
thai. 

Phifdng phap trao doi ion thich hdp vdi viec lam sach nude thai crom 
va nude thai kiem-axit, nhifng phai tach rieng chung ra. Vi dp, khi nude thai 
crom nho. thai ra tit 1-2 be rifa thi dung mQt bf> trao doi ion lh tien nhat. 
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Tot nhat id dung trao doi ion ngay tai cac be rua. Khi do tuy yeu cau 
chat lUdng nude tai khau nta d'y ma an djnh cho thiet bi trao doi ion chi phai 
loai bo mot so cac tap chiit cfin thiet nhtft da co the dung lai de rua roi. Nhd 
vay hieu qua kinh te cang cao hdn, bo difdc nhieu cong ranh hay ong dan, nude 
va hoa chat thu hoi deu dimg lai dude .... 

Tai sinh cho nhua trao doi ion va cho chat hap phu phai tien hAnh 
rieng re, doc lap vdi nhau va diing nhfing dung djeh tai sinh khac nhau. Sau 
moi chu ky lam viec phai dUdc tai sinh dung quy djnh. Tlnh toan thiet bi , an 
djnh thdi gian cho mdi chu ky,... phan ldn ddu can cuf vao tinh hinh cu the cua 
thng trUdng hdp. 

Trong nhieu trUdng hdp phudng phap trao doi ion difdc dung de lam 
sack them cho nude da qua xii ly bdng hoa chat. Hu diem cua each nay la 
dung dich sau tai sinh duqc don chung vao nhom lhin sach bdng hoa chat nen 
so dd cong nghe nghn gon hdn. Phudng phap to hop nay (the lam sach bang 
hoa chat roi lam sach them bang trao doi ion hay bhng each nao do) doi hoi 
di£n tich xay dung va dung tich cong trinh lam sach nhd hdn so vdi chi dung 
mot phudng phap trao doi ion. 



Hinh 21.7 So d6 nguyen tac lam sach node thdi bang phi/dng phap trao ion: 

L, - toe co hoc; L 2 - loc qua than boat tinh; C - toe qua cot cationit.; A,, A 2 - loc qua cot anionit 
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Phtfdng phap sieu loc, dien tham tlch cho nude xd ly dat chat lUdng 
cao; khong can dung them hoa chat nao; co the thu lai kiem vA axit kha sach 
tet nude thai. Nhung tien dau tu ban dau cho phudng phap nay cao. 


21.6. XUXV NU6c RITA THU H6l 

Nude riia thu hdi dupe dung de bo sung vAo be ma mdi khi bj can 
(nhat la cac be co dun nong), tracing hdp dung khong het cin to chtfc tach chiet 
cac kim loai khoi nude rfla thu hoi bang cac phUdng phap : npi dien phan, dipn 
phan bang dong ngoAi, chUng cat,... 

PhUdng phap noi dien phan lam nhu sau : Dat cac dipn cUc bang 
kim loai co difen the kha am (Mg ho Ac Al) vao be chha dung dich thu hoi roi noi 
ngan mach vdi cac tami thep ben An mon . Gida chung se xuat hipn mpt hifeu so 
dien the. Mage hoAc nhom trd thanh anot hoa tan ra, con thfep trd thAnh catot 
va kim loai tit dung djeh se thoat ra 6 do dudi dang bot hoAc mang xop. 
Phudng phap nay cho phfep thu lai hau nhu hoAn toan cac kim loai dong, thiec, 
chi va hdp kim chi, cadimi vA cac kim lopi quy. 

PhUdng phap dien phan bang dong ngoai : Vo be dUdc dung lam 
mot trong hai dien cUc. Catot bAng thfep khong gi (Crl8Ni8Ti), anot bAng thep 
khong gi, grafit, chi,... Khoang each giiia cac dipn cue tU 50 den 100 mm. CAn 
khuay dao rnanh dung dich trong khi difen phan. 

Chung cat: de co dac hoa chat trong nude rUa den nong do thich hdp 
roi dung lai cho be. 

Hien nay co kha nhieu' phudng phap mdi nhAm lAm sach nude thai 
dong thdi thu hoi lai cac kim loai. Nhung phUdng phap co trien vong nhat la 
vUa lAm sach dupe nude thai vUa thu lgi dUdc cac cha't co gia tri cho rieng tUng 
bitdc cua quy trinh cong nghfe. Uu diem cua chung la cd kha nAng tach rieng 
ra titng cau tut chU khong chi 1A thu h6i d dang hon hpp cac cau td. 

21.7. M0T SO CHI TlfiU KINH Ttf - KV THUAT vfi LAM SACH NU0C THAI 

• Gia xU ly 1 m 3 nude thai bAng hoa chat < bAng trao doi ion < bAng co 

dAc. 

• Phudng phap hoa chat thich hpp vdi lupng nude thai ldn. 

• Phudng phap co dAc, bay hdi chi thich hdp the tich nude thai ra't it. 

• Gia thAnh lAm sach 1 kg tap chat xyanua = 0,9 kg tap chat crom 

1 kg tap chat kiem-axit = 0,43 kg tap chat crom. 
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• Gia thanh xit ]y ntfdc thai + gia ntfdc tieu thu = 8 - 10 % gia thanh 

ldp ma. 

• Cach tmh gia thanh (s) lam sach 1 kg tap chat khoi nude thai: 

1- Tmh tong chi phi hang aim cho viec lam sach node thai + khau hao thiet 
b|, S , d/n&m. 

2- Tinh tong ltfdng nude thai (m 3 / n&m) phan ra ntfdc thai crom , nude 
thai xyanua Q C n . node thai kiem-axit Q K A , 

3- Xac dinh nong do C cua moi loai nude thai, kg/ m 3 . 

Gia thanh s lam sach 1kg t^p chat se la : 

s - S / (Qcj .Co + 0,9 Q CN . C 0N + 0,43 Q R a Cr a )• 

• Hieu qua lam sach va gia thanh so sanh giiia cac phtfdng phap 
lam sach : 


Phueng phap lam sach 

HiSu qua Urn 
sach, % 

Gil thlnh, 
don vi tiln/ m 3 

Gil thlnh, 
don vi tiers/ kg 

Lam sach bang hoa chit (trung hoa, khdr, 
oxy hoa clc chat vo co) va lam m6t phan chit 
IlLftj CO 

80-95 

50-80 

340-380 

Loc (tap chit keo, hydroxyt, huyln phu) 

50-90 

30-80 

20-50 

Hap phu bing than hoat tinh (cac chat vo ccr 
va huu co) 

90-98 

100-200 

400-500 

Trao dli ion (cac chit v6 co, N . hop chit 
chtte P) 

80-92 

60-200 

360-500 

Tham thau ngUoc (silu loc) dung cho chit 
vo co hoa tan. 

. 65-95 

50-300 

10-20 

Bien thlm tfch dung cho clc chit v6 co vl 
mot phln cac chat hud co hoa tan 

60-80 

65-100 

2-5 

Chung cat 

90-98 

200-500 

100-200 


Ch.u thick : Don vj tiln/m 3 hay dcfn vj tien/kg d d&y chi c6 f nghia de so 
sanh gia thanh gitfa cac phUdng phap, khong phai gia thhnh tinh blng “dong” 
Vi$t Nam. 
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Chtftfng 22 

AN TOAN VA VE SINH CONG NGHIEP 

■ » 

TRONG XirdNG MA 

22.1. AN TOAN LAO t)0NG TRONG CAC QUA TRINH DlfiN HOA 

Xifdng ma dien thuoc loai xudng doc hai. Nhien loai hoa chat dUdc 
dung cho san xuat vd trong qua trinh san xuat thudng phat sinh ra cac chat d 
dang khi, long, r&n .... co hai den she khoe con ngifdi. Co the chia cac yeu to 
doc hai thdnh cac nhom theo ban chat tac dung cua chung den con ngudi nhu 

san : 

- Tac dung vat ly : tieng on, rung dong, sieu am. 

- Tac dung hoa hoc : cac chat doc hai dudi cac dang khac nhau. 

- Tac dung tarn sinh ly : nhiem vu phai lam, tu the lam vi£c, nhip dp 
va cudng do lao dong. 

- Dieu kien vi khi hau ; dp am, nhiet do, chuyen dong cua khong khi. 

- Cac yeu to' khac : dong dien, kha nang chay no, bui mai va danh 
bong cd ,... 

Cong nghe ma, phu dien hoa thudng gom cac phan chinh sau : 

- Chudn bi be mat trude khi ma, phu. 

- Ma, phu. 

- Hoan thipn sau khi ma, phu. 

- Pha che dung djeh vd cac khau php trd khac. 

Chuan hi be mat : Vat gia cong c6 the thilc h,ien bang phUdng phap 
cd hoc ( nadi, danh bdng, phun cat, phun nude, x6c, quay, rung .... ), ho&c hda 
hpc hay di§n hda hpc ( thy dlu md, tdy gi, thy bdng Gia cong cd hpc dupe 
tien hdnh trdn cac thiet bi: may nidi r .danh bdng, may phun cat, thing quay, 
chuong quay, may xdc rung .... 

Cac khau ma, phu \ Cuhg nhu cac khfiu gia cong hda hoc vd di£n 
hda hpc cho be mat.... thudng phai ding cac dung mdi hiu cd, cac chd't dipn 
giai: axit, kiem, xyanua, axit cromic. Trong cac chat dien giai lai thudng phai 
cho them cac chat hiu cd, cac phu gia ddc bipt : chat hopt dpng be mdt, chd't ic 
che dn mon , chat bdng ,... Vdt gia cong trong cac bd dUdc treo trdn khung hodc 
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do vao thung quay. Vat gia cong lan ludt dupe chuyin tit b§ nay sang be khac 
trong day chuyen cong nghe (thu cong hay ttf dong cung vgy ). 

Cac khdu pha che vd phu trg : Bao gom cac cong vi£c pha che vi 
dieu chinh dung dich, chuy§n chd dung djch, thao lip vat gia c6ng tit khung 
treo, thung quay va tit bb, bao dudng thiet bi dien 

Tit ca nhitng dieu ke tren it nhieu deu co lien quan den doc hai (bang 

22 . 1 ). 

Die diem noi bat cua cong nghe ma phu dien hoa la dung mot ludng 
16n cac loai hoa chit khac nhau. Trong do co nhftng loai hoa chat doc hoic rat 
doc doi vdi site khoe con ngifdi. Do li cac chat axit, kiem, dung moi huu cd, 
cac kim loai ning va cac muoi cua chung, cac chat xyanua ,... Doc nhat dol vdi 
con ngifdi la thuy ngan, chi, crom, asen va cac hop chat cua chting, cung nhit 
cac hop chat cua xyanua, cua photpho, cac dung moi huru cO. 

Bang 22.1. T'mh chat doc hai trong qua trinh sdn xudt 
cua xiidng ma, phu 


Cac biflSc cong nghe 

Ti'nh chat doc hai 

Gia cong ca hoc 6 cac bi/6c 

chuan bi va hban thien be mat 

’ 

Cdng viec n&ng nhoc, ton nhieu sOc li/c va ndng liWng; khong khi 
nhiem nhieu bui kim loai , bui bong, bur silic nhtou tiSng 6n vd 

rung dong manh 

Cac bbdc chuan bi va hban thien 
being hoa hoc va dien hoa, cac 
bOdc ma, phu. 

Toa chdt d&c hai vao khdng khi, tSng do im; tang do on, ci/ong do 
sieu am; tSng kha ndng no 

Cac khau pha che va phu trg 
khac 

Ton chdt doc hai vao khbng khi; tieng on do may chay; cong vide 
nSrg nhoc, de met moi; phai chu y an toan dien. 


Nong d$ gidi han cho phOp cua cac chat doc hai difpc quy djnh chat che trong 
cac tieu chuan nha nude cua titng quoc gia. Cac bang 22.2, 22.3 14 nhitng vi 
dp ve nong dO cho phip cua mOt so chit dpc hai thtfdng gip trong cac xitdng 
mg, phu diOn hoa . Vi$t Nam cung c6 cac tieu chu&n nhi mtdc quy djnh ve 
nong dO cac chat dOc hai niy (TCVN 5938-1995 vi 5939-1995). 

Tic hai cua cac chit nhy din cd the con ngddi nhit sau : 

- Crom vi cac hpp chit crom ; Cac hpp chit dOc hon ca la cac chit 
CrO j, Cr 2 O a , K,Cr 2 0, cd hai cho gan, thin, hO thong tieu hda, hp thing tim 
npeh, da vi cac niim mpc. 

- Cac xyanua KCN vi NaCN de bi phin huy trong khing khi am khi 
>at cua CO* va tao thanh HCN. Axit HCN cung co the thoat ra khi nhb 

loai axit nao vao cac dung dich xyauna. Khi bj ngo dpc bdi hdi axit 
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HCN se rat kh6 thcf, te liet, kh6 ngu, co giat, tham chi ngcfng thd va chet neu 
qua nang. 


Bang 22.2. Nong do toi da chophep cua m6t so chat d6c hqi 

trong khong khi 


Chat d6c hai 

Gi6i han cho phdp, 
mg/I 


Ch4t ddc hai 

Gidi han cho ph6p, 
mg/I 

Cr0 3 va cac hop chat crom 

0,0001 


Dicloetan 

0,05 

Hoi xyanua 

0,0003 


Tricloetilen 

0,05 

h 3 po 4 

0,0003 


Phenol , 

0,005 

CO 

0,02 


H 2 S 

0,01 

HCI 

0,01 


SCb 

0,02 

HF 

0,001 


n 2 o 3 

0,005 

hno 3 

0,002 


ZhO 

0,005 

h 2 so 4 

0,002 


Hg. Pb 

0,00001 

Cfe 

0,001 


X3ng, d4u hda 

0,3 

CC1< 

0,05 


AmoniSc 

0,02 


- Cac nitd oxyt ditpc tao thanh khi tay kim loai bang HN0 3 , Khi bj 
ngo d6c ttfc thdi se bj phu thung, con khi bj ngp dpc thudng xuyen thi duong ho 
h4'p tren va ring se bj ton thudng. 

- H 2 S0 4 va khi S0 2 lhm ton thudng cac niem mac va dudng ho hap. 
H 2 S0 4 lam bong da. 

- Kiem co tmh hn da rat manh : chiing an mon da, mo te bao, gay 
bong n&ng tai do. 

Bang 22.3. NSng do bui toi da cho phep trong khong khi 



N6ng d6 cho 




Bui 

ph4p, mg/ m 3 


Bui 


Al, hop kim Al, nhfim oxyl 

2 


Pb v4 hop ch4t chi 


Fe oxyt, hop ch4t Fe v4 Mn 

4 


Cr0 3 . cromat hay bicromat 

0,1 

Cadimi, cadimi oxyt 

0,1 


Kem oxyt 

5 

Coban oxyt 

0,5 


Bui ki4m (tinh ra NaOH) 

0,5 

Mangan 

0,3 




K6n va k4n oxyt 

0,5 





248 






















- Cac help chit hydrocacbon do h6a c6 tac dung gay me, gay ton hai 
trong cd the nhat la gan, gay ton thtfdng cho niem mac dudng ho hap vl cho 
da. 

- H 3 P0 4 die biet doc hai khi dude dun nong. Hit phai khong khi lin 
chat nay lau, niem mac mui se bi teo dan, chay mau mui, ran vd ring. 

- Cac dung moi nhu benzen, toluen .... tac dung lau dli d nlng do vtfyt 
qua gidi han cho phep se gay ra cac benh kinh nien lam roi loatn he thong tuan 
hoan va hi thong than kinh, gay ton thifdng cho thin va cac noi tang khac. 

- Muoi ken gay viim niem mac mui, gay benh eczema d da; khi bj tac 
dung lau dli co the se mlc chting hen xuyln. 

- Dong va hdp chat cua dong gay tac hai cho ring, niem mac, hai da, 
loet da dly. 

- Cac hdp chat cua kem dye doi vdi niem mac mui, ring, lyi. 

- Bui kim loai gay benh viem da, eczema, viem niem mac hyng va mui. 

Khi thiet ke xudng mq va cac phong san xuat, die biyt 11 phong dlt 

cac thiet bi cong nghe can phai xet den die diem vi khi hyu cua qua trinh san 
xuat diyn hoa. Hdp ly nhat la bo tri xtfdng ma trong myt toa nhl hai ting. 
Tang tren dlt tit ca cac thiet bi phuc vu cho viec gia cong san pham th phbi 
ban dlu den luc thlnh thlnh phim. Tang dirdi dit quat thing gio, cttfdng ong 
din khi, din dung dich, may loc, nguon diyn, thu gom ntfdc thai, kho hoa chat, 
pha chi va xu ly dung dich, may lam lanh Chieu cao toi thieu cua cac 
phong ting tren phai 14 6m , cua ting ditch 11 5m; dien tich phong san xuat 
phai dam bao it nhat la 4,5 m 2 / cong nhan. 

Cln tach rieng cac phong san xuat vdi cac phong phu try. Tach. cac by 
phan san xuat co nhQng die diem khac nhau thanh nhting gian rieng ; gian 
tay axit va kiem; gian oxyt hoa; gian mai - danh bong; gian tay dau m3 b&ng 
dung moi hiiu cd; gian tly blng sieu am; gian dit may phun cat vl thung quay 
xoc; gian pha chi', xt i ly dung dich; gian mg xyanua thu cong ,... 

Tirdng nhl cln Ip bang cac vM liiu khong hip phy cac chit dye hai 
nhu gych sti, thuy tinh ,... Cln Sp gach cao tif 2,8 den 3,2 m ke ttf mit sin. 
Sin nha phai 11m bing vat lifu khong thlm ifdt, ben vdi axit, kiem, dung moi 
va cac hoa chit khac, khong trdn truyt. San phong my phai doc ve phia ranh 
thoat nude, vl khong co cho nlo dong nifdc, tiyn lyi cho viyc vy sinh, rtfa nha. 
Cac be tly axit can lip dit sao cho chieu cao tit sin din miyng bi khoang 0,6 - 
0,85 m de cong nhan khong phai cui thlp hole diidn cao ngudi moi khi dua 
hang ra vao be. Cho ding thao tac canh be va loi di tai phong ma nin dlt buc 
go thua de bao ve chan cong nhan khong luon bi tldt at hole bi nhiim lanh. 

Cac phong can cao rao thoang dang, du cly sang (0,25 - 0,50 m 2 ctfa so 
cho myt cong nhan), co quat hut day khong khi. Khi va hdi boc ra tif cac be 
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ma, dien phan, cung nhu bui phat sinh t-ut cac may mdi, danh b6ng phai co 
thidt bi hut cue bp tai cho va nhd quat daa ra ngoai hope qua thiet bj xd ly 
trade khi thai ra ngoPi trdi. Cac be tay dau m3, tay gi va rda nude nong cung 
nen dat quat thong gio cifdng bite. 

Khi thiet ke cac he thong thong gio cho cac be ma , be thy, mai - 
danh bong can tuan theo cac nguyen tic sau : 

- Trong cung mpt he thong thong gio, cac be chda dung moi hay dung 
dich doc hai, de bay hdi (tricloetan, dicloetan, xyanua,...) can dape hut trade so 
vdi cac be khac, tlic la dat gan quat hen . Sau do mdi la cac be kiem thy dau 
m3 ,... 

- Cac be thy gi va cac be co tinh axit dung chung mpt hp thong thong 
gio. 

- Cac be kiem va cac be xyanua dung chung mpt he thong gio khac, 
dpc lap vdi he tren. 

- May mai - danh bong phai co chup hut tpi banh mhi va ndi vao hp 
thong hut khi co ap suat trung binh, du de hut dape cac hat bui kim loai di. 
Can co eda thuan ldi de djnh ky lam sach long ong din khi. 

- Cho nau keo, nau thuoc danh bong phai co hut thong khi. 

- May chai phai co cac trang bi thich hpp de ngan bui va nadc bin ra 

- Cac vat nho neu dape lam sach bing phadng phap phun nadc phai co 
thiet bi dong bp, dam bao ve mat an toan lao dong. 

Viec chong chay no trong xadng ma can chu y : 

- Khong de cho bot cua be tay dau m3 dien hoa tich tu thanh lapng 
ldn tren mpt dung dich vi de hinh thanh hfin hpp no giu!a hydro va oxy. 

- Khong de cac tia Ida phat ra td cac may mai bin vao phdt vai hope 
bpi bong danh bong. 

- He thong gio cho be crom khong dupe dung chung vdi hp thong gio 
cho cac be co hydrocacbon thdm hope cac dung mdi de chay . 

- Thiet bi hut gio td cac be tiy diu m3 bing dung mdi hdu cd va td cac 
may mii va danh bdng cin phai tach rieng ra nhim chong chay. 

22.2 . BAO H0 LAO B0NG TRONG XI/0NG MA t)I$N 

22.2.1. Tai phan chuan bj trdde khi ma 

Khi gia cong cd cho cac vpt phim thddng phat sinh bpi phdt, bui kim 
loai, bui bdng. Tong nong dp bpi trong khdng khi ndi lPm vipc chi dddc phep 
to! da IP 5mg/ m :i . Vi vpy phai to’ chdc hut bui cho bp phpn nay. 

May mai, danh bdng, may phun cat, phun nadc, may rung , thung 
quay xoc .... can phai thong gio epe bo. May mii phai cd chup hut ngay tpi 
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phdt mki. Lifdng khi phai hut phu thupc vao toe dp quay cua phdt . May danh 
bong cung phai co mieng hut ngay tai phdt bong, lupng khi hut di phai dpt 
4 m' ! /h cho 1 mm dudng kinh phdt vk toe do khi hut tai mipng hut phai dpt 3 
m/s. Doi vdi phdt vai cac con so’ tren se phai la 6 m 3 /h va 4 m/s. Trude khi 
thai khong khi lan bui ra ngoki trdi phai lam sach no, Vi du, bkng cyclon 
ch4ng han. Khong dupe lam viec vdi cac may mai, danh bong khong co thiet 
bi thong gio. 

Phong lam sach vpt pham ban g ckt phai each ly khoi cac phong khac. 
Lam sach bang cat phai dude tien hanh trong cac tu kin hope trong cac thiet 
bj ban tu ddng khong can ngudi true tidp thao tac, va ckn giu dp am thich hefp 
de han che bui bay ra ngoai. Khi bit dau lam viec can chay quat hut trade 
mot luc; cong nhan phai mac du cac trang bi bao ho roi mdi vao phong. Ben 
trong cac tu lam sach phai lot cao su thm; ban dit vat gia cong cung phai phu 
caosu, 

Cac thiet bi lam sach b&ng phun cat, phun nude can dupe trang bi quat 
hut cue bp: cac do ga vat gia cong phai xoay tron dupe trong qua trinh lam 
speh. Nap vao hoac thu lai cat hay bi, dong hodc rnd khi nen .... can dupe cd 
gidi hoa. 

Cac thiet bi tay dhu md, tay gi cung can phai thong gid cue bp. Tay 
dau md bang tricloetan nhat thiet phai co thiet bi chuyen dung an toan. Cong 
nhan lam viec d bo phan tay gi phai dude trang bi kinh bao vp mdt , gang 
caosu , ong tay ao, yem bang cao su, ao choang bang vai khong tham ifdt, mu 
nhua hope caosu. Khong dupe dun nong cac dung dich axit H 2 S0 4 len qua 
60 °C hope HC1 len qua 40 °C. Trude khi 14m viec d cac be nay can boi mpt ldp 
vazelin mong len niem mac mui, len tay v;i mat. De tay ddng vk hdp kim 
ddng trong HNO a hope hdn hpp HN0 3 + H 2 S0 4 nhat thiet phai tien hanh 
trong cac tu cd hut khi. 

Khong dupe de tricloetylen tiep xuc vdi kiem dac. Khong dupe do’ axit 
HNO,, l§n dkm bko, rahn cUa .... 

22.2.2. Tai bp phan mp 

B$ phdn mp cd nhieu hda chat dpc hpi vdi sdc khod con ngudi nhu cac 
dung dich xyanua, ki&n, axit, dung dich mp crom v4 cac mudl kim lopi khac,... 

Khi 1km vipc vdi cac be cd tinh dpc hpi cln tiikn thu eke quy tac sau : 
Chk’p hanh nghiem chinh cac che dp quy dinh cua t4t ca cac bude trong quy 
trinh cong nghp . Cho qupt hut chay trude 15 ph rdi mdi bat dau 1km vide vdi 
cac be doe hai, rieng vdi be xyanua ckn phai md quat trude 30 ph . 
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Lam viec cl bo phan ma phai mac quin ao bao ho lao dong, dpi mu nhua 
hoic caosu, deo yem va ong tay bao ho, di g4ng caosu. Moi cong nhan phai c6 
kinh bao hp va binh thd. 

De bao ve niem mac mui, trude khi 14m vipc phai boi vazelin, 

Khi 14m viec vdi cac be xyanua cin phai die bipt than trong. Tuypt doi 
khong de cac dung djeh xyanua tiep xuc vdi axit, nhat 14 cac axit vo cd. Chi 
nhutng ngUdi c6 trach nhiem mdi dupe phep pha che, dieu chinh cac dung djeh 
xyanua. Khi nghi viec t4't ca cac be xyanua phai dupe day kin. Khong khi bi 
nhiem axit HCN se co mui hanh nhan hie, luc 4'y phai lip tUc bao ngay cho 
ngUdi co trach nhiem de k|p thdi Ung pho. Dua vat ma vao be xyanua phai 
th4t nhp nh4ng tranh de dung djeh bin l§n. Sau khi ma xong tU be xyanua 
phai rita vat ma that ky cho k£ hit dung djeh bam theo mdi thoi. Xudng 
ngUng 14m vipc phai vdt allot ra v4 ngam v4o be nude. Khi can 14m ve sinh cac 
cau treo cUc nh4't thiet phai thao cau ra khoi be de co rrta. Anot can lam sach 
phai ruta trude da v4 chi co rilfa d trang thai 4m. V4t ma rdi xuong day be 
dung nam cham de vdt ra, vat bing dong, dong thau dung vdt sit can d4i de 
mo vdt. Cac mang hut phai thudng xuyen 14m ve sinh, It nhat 1 lin/ thing. 
Khong bo tri nhUng ngUdi bi thudng tlch d da, bj b$nh ngoai da, benh dj Ung 
14m vipc d cac be dpc hai. 


22.2.3. Lam viic P bo phan $i£u am 

Sieu am dupe dung cho cac be ta’y ruta be m4t vat trUPc khi ma ho4c 
dung cho cac bi ma. NgUdi phuc vu tai may phat sieu am ho4c be co trUdng 
siSu 4m se chju tac dung co hai cua dao dong sieu am , lau ngay co the bi giam 
thlnh giac. Sieu am con tac dong len hp than kinh trung Udng, g4y met moi, 
hay cau git, nhUc diu. 

May phat sieu am cin dat rieng mpt phong. Cac may sieu am hipn dai 
co trang bj phin each am nen tot hdn. Khi thao rd v4t gia cong ra vao be c6 
trUdng sieu am cin phai tit trude may phat sieu am da. Di giam bdt tap 4m 
nen 14m vi£c b tin so dudi 22 kHz. NgUdi van hinh may sieu 4m can c6 cac 
phUdng ti$n phong hp ca nhan : dung cu at tieng on ho4c chd'ng on. 

Phong d4t m4y ph4t si«u 4m cin co biin bao b ngo4i cho moi ngUdi 
biet de tranh. Khi lam vipc tai may phat sieu am trong phong It nhat phai c6 2 
nguai. 

22.2.4. An toan ve dien va phong hoa 

Trong cac phong cua xudng ma thudng c6 dp am cao, nhieu tac nhan 
gay an mon, nhieu thiet bi dien va dung cu dung dipn .... Vi v4y can phai chu 
y din an toan ve dipn v4 phong chohg chay cho xudng ma . 



Cac thiet bj dien ; cac may moc khi sUa chtfa hay v$n hanh, co xat cd 
the se tich tlnh dien tat ca chung deu phai dupe noi dat , NhUng bp phan 
chuyln dpng , quay (banh dai, true quay, thanh truyen, khdp noi,...) cua may 
deu phai dude che chan, bao ve. Tuypt doi khong dupe gb bo cac tain bp, nip 
dly,... bao ve may phat sieu am trong luc dang van hanh vk phai tiep dat cho 
may. 

De tranh cho cong nhan khoi nguy co bj dien gilt, cac xudng ma phai: 

- Cac thanh, giay din dipn phai dat 6 nhtfng cho kh6 cham den trong 
khi lam viec va phai sdn hay phu mau sic ro rang va phu hdp. 

- Cac thanh din neu buoc phai dlt gan cac ch6 nong (brig din hdi, 16 
nung,...) thi phai each nhipt cho chung. 

- Cac thanh din dipn neu dat phia dubi hb nhl't thiet phai dupe che 
phu bao ve cln thin. 

- Chon dung cac lo$i dong cP dien, thiet bj dipn co chong 1m tot. 

- Cac bb dien phan phai each dat tot. 

Phong chong chay cho xubng ma chti yeu la tranh tao ra cac nguon lu£a 
trong xubng, each Iy cac cho dun nau khoi xUdng ma. Luon giu nong dp khi 
dot, hdi nong dudi ngudng cho phep. Cac hoa chit db chay phai dupe cat giu cf 
mpt chb rieng vdi cac dibu kien thxch hdp. Cln th6ng gid cue bp cho cac may 
mai, danh bong va cho cac dung moi hUu cP. 

Phong rba va tay dau md khbng dude ddt cac thiet bj sitdi blng khi 
hope blng dipn hope co ngon lijta tran. De tranh phat ra cac tia Kia tU cau dao 
dien, tU dong cd no, tit cac thibt bi khdi dong, tU quat thong gio,... phai chon 
dung cac loai che tao dac biet an toan chuyen dung cho cac ndi nay, neu 
khong phai each ly chung khoi cac phong nay. 

Trong phong lam viec khong dupe cat giu: cac loai dung mbi hdu ca. 

22.2.5. Trang bi bao ho lao dong ca nhan 

Can trang bi cac phudng tien bao hp ca nhan dung nhU cac quy dinh 
hien hanh cua nude ta cho tUng doi tupng cong nhan va dor tupng nganh nghe. 
Trong so cac trang bj bao ho ca nhan cho cong nhan ma phai kb den trubc tien 
la cac phUPng tien bao ve cd quart ha hap, mat vd da. 

De bao ve cd quan ho hap khoi tac hai cua khi va hdi dpc hai (trif loai 
rat ddc hai) lan trong khong khi khi co sit cb ma nong do cua chung chua vu'dt 
qua 15 lan gidi han cho phep thi co the dung mpt na phong dpc cd binh lpc khi 
thich hdp. Co nhieu loai binh loc khi khac nhau : 

- Binh hap phu cac chat htfu cd. 

- Binh hip phu cac khi va hdi axit, cac hpp chat hitu ca clo hoa hay 
photpho hda. 
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- Binh hap phu. amoniac va hydrosunfua. 

- Binh hip phu van nang (thich h<?p cho cong nhan ma de bao ve cd 
quan ho hap). 

- Binh hoat dong thdi gian ngin ( chi dung trong 1-2 ngay). 

- Binh loc bui, hdi axit ( HF, SiF 4 , HC1, S0 2 ) va hdi kiem, NH 3 . 

Tai phong pha chi dung djch, khi rot axit hoc khoi, khi dap nho cac 
cue Cr0 3 hoac kiem rin phai deo m;it na . Khi lam viec vcli cac hoa chat dac, 
vcli may mai - danh b6ng can bao ve mit bing kinh bao ho. Co nhieu loai 
kinh bao ho, phai chon dung cho phu hdp : kinh bao ve thtfdng; kinh bao ve 
kin khi thong hdi mot chieu; kinh kin khi thong hdi hai chieu . 

De bao v| mat va mat chong dung dich no bin vao nen deo mat na 
chan trong suot (giong mat na han) ben hoa . De hao v| da can mac quan ao 
bao ho , yem, gang, tay ao, mu bao ho lao dpng bang vat lieu ben hoa. Ngoai ra 
can boi kern , vazelin .... de bao ve niem mac mui, da mat, da tay. 
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